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A A\NTIC ELECTRIC SHIPYARD CRANE.* 
By Dr. ALFRED GRADENWITZz. 

arUL electric crane has recently been erected 

at Lilo). = arsenal in Trieste by Messrs. T. von Petravic, 

of Vieu..1, Austria. The accompanying illustration is 

from a , \otograph of this crane. 

The «:ane is used primarily for the rapid mounting 
or dismounting of the completely assembled marine 
boilers «ud engines of large modern merchant vessels 
and warships. Less heavy weights, however, can be 
moved ai a correspondingly higher rate of speed. This 
latter use to which the mechanism may be put is of 
special value, for, even in the busiest of shipyards, the 


A 
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opportunities for transporting boilers or machinery 
weighing 200 tons or more are rare, and a crane in- 
tended exclusively for this purpose could be used to 
advantage but seldom. 

The movable portion of the crane, which is T-shaped, 
is supported by an open tower of structural steel. The 
principal dimensions of the crane are as follows: 

Height above ground, 112 feet; length of track, 185 
feet; maximum radius of action for loads up to 120 
tons, using the shorter arm or outrigger, 654 feet; 
for loads up to 35 tons, using the longer arm, 100 feet. 
The crane is fitted with two blocks, one for a normal 
load capacity of 120 tons, the other for one of 35 
tons. 

Furthermore, there is a device used in connection 


with the smaller block, whereby the ratio of transmis 
sion may be altered by means of a rope from the con 
troller’s cabin, so that loads not exceeding 11 tons in 
weight may be raised at increased speed. The work- 
ing speeds of the crane are as follows: For the larger 
block, lifting speed 1.8 feet per minute, traveling 
speed 27.8 feet per minute. For the smaller block, 
hoisting speed for loads from 10 to 35 tons, 9.8 feet 
per minute, and for loads not exceeding 11 tons, 26.2 
feet per minute. The traveling speed is 65 feet. The 
crane makes a complete revolution in six minutes. 

All motive power is supplied by direct current, 110- 
volt, series motors, inclosed in water-tight casings. The 
larger block is operated by three 25 to 30 horse-power 
motors, two of which are used for the hoisting and one 


Maximum lifting power, 225 long tons ; Height, 108 feet 8 inches ; Radius of action, 65 feet 7 inches, 
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for the horizontal movement. The smaller block is 
operated by one hoisting motor of 35 horse-power and 
one traveling motor of 30 horse-power. One 30-horse- 
power motor is used to revolve the crane, 

As the hoisting speed at normal load is only 1.8 feet 
per minute, it may take over an hour to raise a heavy 
weight from the bottom of a vessel to the full height, 
120 to 130 feet altogether It was necessary, in conse- 
quence, to make the output of the hoisting motors con- 
siderably greater than in cases where the hoisting 
periods are of only a few minutes’ duration 

By the use of two blocks the crane is rendered adapt- 
able for various purposes. A heavily weighted car or 
wagon, used as a counterbalance, runs on the track. 
it the smaller block is in use, the larger one is at the 
other end of the structure, serving as a counterbalance, 
while the weighted car is located at the middle, above 
the support. If, on the other hand, the larger block is 
working, the carrier of the smaller one is coupled to 
the weighted car, both are run to the opposite end, and 
there serve as a counterbalance. Consequently, as the 
counter weight is, in most cases, in a central position, 
the structure is strained less, and under more favor- 
able conditions than where a stationary counterpoise 
is used. Furthermore, the power consumption in turn- 
ing the crane is greatly reduced 

In order to avoid any excessive stresses due to heavy 
wind pressure, the rotatable portion of the structure is 
so designed that it adjusts itself, like a weather-cock, 
to the direction of the wind, when the crane is at 
rest, 

The construction of a foundation to bear loads up to 
815,000 pounds was a source of considerable difficulty, 
owing to the nature of the ground, The characteristic 
ieature of this foundation is that it gives the crane 
stability in itself, so that there are only pressure 
stresses in the foundation. It consists of a grating of 
girders, weighted with railway rails, which forms, to- 
gether with the concrete work, a compact mass of suffi- 
cient weight. This grating carries the square support- 
ing frame of the crane. 

The 30-horse-power motor which rotates the crane 
drives a large spur wheel through a multiple gearing. 
This spur wheel was cast in one piece, is 13 feet in 
diameter, and weighs more than 12 tons. 

The electric current is supplied to the crane from the 
iron armored cables by means of two slip rings. All 
the controlling apparatus is centrally located in the 
motorman’s cab, which is placed beneath the center of 
the track. To avoid mistakes, the controller handles 
of the hoisting motors work in a vertical plane, and 
those of the traveling motors in a horizontal plane. If 
the block too nearly approaches the end of its run, the 
current is automatically shut off, the controller then 
being in position for the return motion. 

The electrical equipment of this crane was construct- 
ed by the Austrian A.E.G. Union Electrical Company, 
of Vienna. 


RECENT EXPERIMENTS WITH MATERIALS 
WHICH RETARD THE ACTIVITY OF 
PORTLAND CEMENT.* 

By R. C. Carpenter, M.Am.Soc.M.E. 

IN many instances the setting of Portland cement, 
which is the initial process of hardening, takes place 
so rapidly as to present practical difficulties in the 
proper gaging and use of the cement. To overcome 
these difficulties it has been customary for many years 
in the manufacture of Portland cement, to mix with 
the cement some material which would retard the 
formation of the crystals of aluminate of lime and 
similar @mpounds, and thus regulate the time of set- 
ting. For this purpose, gypsum (sulphate of lime— 
CaSO,), has been principally used. The effect of add- 
ing gypsum is only temporary, provided the cement 
is exposed to the air, and for that reason other ma- 
terials have been sought for. The present article 
gives a brief description of some experiments made in 
the Mechanical Laboratory in 1904, by Walter H 
Kniskern and William L. Gass, for the purpose of de- 
termining the regulating power on setting of cement 

of gypsum and chloride of calcium (CaCl). 

For the purposes of the experiment, one of the large 
Portland cement works supplied us with clinker which 
had not been treated and which in its normal condition 
made a remarkably quick-setting cement. This clinker 
was ground in a pebble mill owned by the laboratory, 
under conditions which permitted the addition of the 
various materials to be tested. 

The following shows in tabular form the results of 
adding different amounts of gypsum, the gypsum be 
ing proportioned by weight, as indicated in the first 
column of the table. In these experiments the time 
of initial set is taken in every Case as the time when a 
pat of the cement made by mixing with the percentage 
of water shown, would bear a rod with diameter of 
1-12-inch, carrying a weight of 4 pound. The time of 
final set is taken as that time which has elapsed since 
mixing, when the pat will bear a rod 1-24 inch in diam- 
eter carrying a weight of 1 pound. This method of 
determining the set, although commonly used, depends 
to some little extent upon the judgment of the oper- 
ator, and as would naturally be expected gives results 
which are somewhat irregular although sufficiently ac- 
curate for purposes of comparison. . 

The results of the trials referred to with gypsum 
show that 1% per cent produces the maximum effect in 
retarding the set, and that for the special samples 
tested no beneficial results were obtained by the use of 
a large amount. 
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The following table shows the retardation of the set 
due to using different quantities of gypsum: 


Per cent, Per cent, Initial Set. Final Set. 

Caso, water. Mins. Mins. 
0.0 29.8 2.0 52 
0.5 27.6 6 87 
15 224 80 157 
2.0 221 24 114 
2.5 23.7 29 79 
3.0 22.1 30 69 
3:5 22.1 27 72 
4.0 24.2 28 45 
4.5 25.4 22 40 
5.0 25.4 27 59 
5.5 25.4 20 78 
6.0 24.2 19 37 
6.5 23.7 22 40 
7.0 25.4 18 59 


Although the experiments above show that a maxi- 
mum retarding effect was produced by the sulphate of 
lime when less than 2 per cent was ground with the 
clinker, it is quite certain from previous experiments 
that with Portland cement of different composition or 
having been burned differently, more gypsum would 
have been required for maximum effect. 

Experiments made by Candlot and verified in the 
Mechanical Laboratory of Sibley College indicate that 
an addition of 2 to 4 per cent of slaked lime or hy- 
drate of lime added to a cement containing a small per- 
centage of gypsum, which has through the influence 
of time lost its effect in retarding the cement, will re- 
store the slow setting properties. 


—Time of set— 


Initial. Final. 
hr. m, br. m, 
Cement containing 2 per cent of gyp- 
Same cement to which has been added 
Cement containing 1 per cent of gyp- 
0 10 0 20 
Same cement with 2 per cent of lime 
ch 1 0 8 0 


Test made in Sibley College Labora- 
tory of sample. 

Containing 2 per cent of sulphate.... 0 12 0O 15 
Same cement with 5 per cent of lime 

hydrate added 2 0 5 0 

From 2 to 5 per cent of lime hydrate will be found 
useful for retarding the setting of cement to which 
gypsum has been added but which has lost the effect. 
The additional lime does not detract from the strength, 
as in the-case of the last-named cement its initial 
strength, neat, was as follows: 

The addition of hydrate of lime without the addition 
of the sulphate of lime, seems to have little or no 
effect on the time of setting, as shown by experiments 
made by Kniskern and Gass. 

The investigation of E. Sandlot, as recorded in his 
work on “Ciments et Chaux Hydrauliques.” shows that 
when Portland cement is gaged with a feeble solution 
of chloride of calcium, it has the effect of greatly re 
tarding the time of setting, but when the Portland 
cement is gaged with a concentrated solution of chlo- 
ride of calcium, as for instanee 100 to 400 grammes 
per liter, it acts in a contrary manner and tends to in- 
crease the rapidity of setting. 

Messrs. Kniskern and Gass, in the Sibley Laboratory, 
ground different percentages of chloride of calcium* 
with cement clinker and afterward made pats, using 
in each case simply enough water to give the material 
its normal consistency for this purpose. Their re- 
sults show that the chloride of calcium had great ef- 
fect in retarding the time of setting and exerted the 
greatest effect when about 0.5 per cent by weight of 
the chievide of calcium was employed. On account of 
the water required, 1 per cent of the chloride of 
calcium would correspond approximately to gaging 
with a solution of 30 grammes per liter in the previ- 
ous experiments quoted. 

CaCl, Ground Dry with the Clinker. 


Per cent Per cent Initial set. Final set. 

of CaCl.. of water. Mins. Mins. 
0.0 29.8 2.0 52 
0.5 34.1 115 274 
1.0 29.8 160 272 
1.5 26.4 167 234 
2.0 25.4 127 212 
2.5 26.4 103 180 
3.0 26.4 45 182 
3.5 26.4 97 185 
455 28.6 63 150 
5.0 29.8 73 160 
5.5 29.8 76 84 
6.0 29.8 68 145 


The experiments quoted indicate that chloride of cal- 
cium added in small percentages éither to the ground 
clinker as a powder or mixed with the water for gag- 
ing, has an important effect in extending the time of 
setting of Portland cement, and so far as the investi- 
gations which are accessible show, it does not have 
any detrimental -effect on the permanent strength and 
hardness. 

Chloride of calcium is a deliquescent material which 
rapidly absorbs. moisture, and it is possible that if 
ground dry with the Portland cement clinker, eve™ 


* Extracts from the Sibley Journal of Engineering. 


* Supplied by the €urbondale Chemica! Co, 


Fesrvary 11, 1905, 


to the amount of ', per cent, it would cause the ma 
rial to gather dampness and thus have a bad effe 
The chloride of calcium solution can be added read 
by adding it to the water used in gaging since it 
sclves with extreme rapidity. The experiments in 
cate that the set can be controlled by using less th: 
% per cent, which would be something less than 
pounds to the barrel of Portland cerhent. Investig 
tions are still necessary for determining whether 1) 
effect of chloride of calcium added to the cement | 
fore grinding is permanent in its effects, and wheth 
if ground with the cement clinker it would avert a: 
detrimental effect. 


LEATHER FROM SEAL SKINS.* 
By Cuartes H. STevenson. 

Tue seals whose skins are utilized for making leat 
er are quite destitute of the coat of choice fur whi: ! 
gives to the fur-seals their great commercial promi- 
nence. Yet on account of the valuable products of 
leather and oil, the economic importance of this groi) 
of animals is scarcely less than that of the fur-sea! 
They are found in various northérn waters, especial! 
off the northern coast of Labrador and Newfoundland. 
in the waters of Greenland, the Arctic Ocean north of 
Europe, along the Nova Scotia and New England 
coasts, in the northern Pacifie Ocean, in the Caspian 
Sea, and to a much less extent in the Antarctic seas. 

The principal sealing districts in the north are New- 
foundland, Jan Mayen Seas, Nova Zembla, Kara Sea, 
and the White Sea. The Newfoundland fishery is by 
far the most extensive. It ranks among the most ven- 
turesome and important of all the marine industries of 
the world, giving direct employment to 5,000 men, 
while thousands of others are engaged in preparing 
the resultant products of leather and oil. American 
vessels have not engaged in this fishery except in a 
few instances, but the fishermen of Scotland unite with 
those of Newfoundland in reaping large returns from 
the seal hunt off the northeast coast of America. 

According to Mr. Robert Badcock, the total product 
of seals in the Newfoundland fishery in 1901 approxi- 
mated 345,000, of which 27,000 were young hoods or 
bluebacks, 13,000 were old hoods, 10,000 old harps, 
4,000 bedlamers, and the remaining 291,000 were white- 
coats or young harps. The catch of bluebacks was far 
greater than usual, the average take of that variety 
not exceeding 5,000 in one season. A small percentage 
of the whitecoats are known as “fast furs,” the long, 
thick, woolly or hairy covering not easily separating 
from the pelt, as the name implies. These are usually 
very young animals, less than fifteen days old. Owing 
to the vessels reaching the seals quickly in 1901 a 
larger number of fast furs were secured than usual, 
the total amounting to about 10,000, whereas it is 
usually much less. In the markets these are common- 
ly known as wool-seal skins. 

After discharge from the vessels the pelts pass 
through the hands of the “skinners,” who remove the 
blubber, take out the flippers, cut off the noses, etc. 
The skins are at once dry-salted and placed one over 
the other, with the flesh side uppermost, in piles of 
small height. There they remain for about three 
weeks, when they are sufficiently cured for shipment 
to Europe or the United States to be tanned. 

After removal of the blubber the skins of the young 
harp seals average 5 or 6 pounds each in weight, and 
are worth about 80 or 84 cents at the present time. 
Bedlamers’ skins average about 12 pounds in weight 
and $1.30 in value, and old harps, from 14 to 18 pounds 
in weight and 90 cents in value. The skins of the 
young hood or blueback seal weigh 6 or 7 pounds and 
sell for about $1.35 each, and the old hoods range from 
15 to 24 pounds and average about $1.65 each in value. 
Of the old seals the skins of the females are preferred 
to those of the males, as the latter are frequently 
damaged about the neck and foreflippers, by the ani- 
mals fighting among themselves. 

The principal seal fishery of northern Europe is 
prosecuted in the seas about Jan Mayen and. Spitzber- 
gen by vessels sailing from Dundee and various other 
ports of the North Sea, and engaged also in the capture 
of whales and walrus. As in the case of the Newfound- 
land fishery, the Greenland or harp seal is the princi- 
pal species secured in the Jan Mayen district, but 
many hooded or bladder-nosed seals are also obtained. 
principally by shooting. During recent years about 35 
vessels have been engaged from the various ports, 
mostly from Norway and Scotland, and the annual 
take of seals has ranged between 100,000 and 200.100. 
the proportion of mature seals being much greater than 
in the Newfoundland fishery. Owing to increasing 
searcity of seals north of Europe, the British vessels 
have almost abandoned their pursuit,.leaving it in the 
hands of Norwegians, whose more econpmical outfits 
enable them to continue the fishery at a profit. 

In the seas north of Russia, especially the W!:ite 
Sea and in the vicinity of Nova Zembla, many harp 
seals are taken in the spring by vessels from Norway 
and also by natives of the coast. The fishery is no’ s°0 
extensive as that off the Newfoundland. ¢oast, ‘he 
product amounting to probably less than 20 per ce! of 
the latter. Another important seal fishery .is tha of 
the Caspian Sea, the species captured being peci!iar 
to those waters. This industry is centered at A~'ra 
khan, and the annual product is reperted as less ‘an 
100.000 pelts. 

METHODS OF TANNING SEAL SKINS, 

The total quantity. of seal skins received in the 

kets of the world approximates 650.000. annually val- 


* Extract from U.S. Fish Commission Report for 1902. 
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500,000. The majority are sold in London, 


lie 

bu ire sold in Liverpool, Dundee, Hamburg, New 
Yor ilifax, St. Petersburg, and Moscow. Most of 
the tanned in Great Britain, London and Dundee 


yre extensively interested than any other 
it some are tanned in Norway, Russia, Ger- 
ma! rance, and the United States. Previous to 
number tanned in the United States was 


sma frequently exceeding 30,000 in any one year; 
but 1901, owing to an overstocking of the trade 
in Britain, about 75,000 skins were purchased 
an ared by leather manufacturers in the United 
Sta 

1 neral methods of tanning seal skins employed 
in | and America do not differ greatly from the 
trea ' of similar pelts. As received at the tanner- 
ies kins are thick, heavy, and extremely oily, but 
eX the last characteristic they closely resemble 
eth , skins. They are roughly cleaned of adher- 
ing ind blubber and as much of the oil as prac- 
tica s pressed out, when they are placed in lime 
pits oosen the roots of the hair and prepare them 
for ation. The skins are put first into an old- 
lime ‘ition and frequently changed to stronger solu- 
tion il the liming effect is completed, three or four 

eing generally required for this operation. 


weel 

TI ution of the lime is usually hastened by fre- 
quel handling” and changing the skins from one 
tank ‘o another. When the bulbous roots of the hair 
horoughly loosened, the skins pass to the fleshing 
where each one is separately laid on a beam and 
carefully unhaired on one side and fleshed on the 
other. In some establishments the skins are partly 
unhaired before the liming process is completed. The 
choicest grades of hair are used largely by plasterers, 
but most of it is suitable only for fertilizer or the 
waste heap. After a thorough washing and “striking 
out,’ currier fashion, the skins are in condition to be 
converted into leather. 

Owing to the excessive and irregular thickness of 
the skins it is desirable at this stage of the process 
to split or shave them, although many tanners, espe- 
cially those in the United States, postpone this until 
the tanning is complete. The splitting is effected 
with a machine of clever mechanism, its principal 
parts consisting of two metal rollers, revolving hori- 
zontally one above the other, between which passes 
the skin spread out smoothly. The advance edge of 
the skin is presented to a keen blade, moving with 
great rapidity parallel with the line of contact of the 
rollers, thus splitting the skin into two pieces of 
equal superficial area, of which only the grain or out- 
side portion is desirable for leather-making. The 
other half is sometimes used for making an inferior 
grade of leather or cheap and somewhat deliquescent 
size or glue, but ordinarily it goes to the waste heap to 
be converted into fertilizer. The thinned skins are 
puered with bran or dog dung, followed by drenching 
and a thorough working out on a beam to remove all 
traces ot lime salts and other refuse materials, and 
thus made ready for the tanning solution. 

The skins are next steeped in tanks or vats contain- 
ing successively stronger baths of the astringent in- 
fusion of oak bark, japonica, sumac, or any other tan- 
ning agency. For fancy shades of coloring, sumac 
only is used, as a rule. During the first few days the 
skins are frequently “handled,” so that the liquor may 
quickly strike through them. This “handling” or 
“working” is cheaply effected by means of paddle 
wheels, which turn the skins over and over in the so- 
lution. The more they are worked by the paddle 
wheel, the larger the grain of the finished leather. 
From four to six weeks’ time is usually required to 
complete the tanning process, even with the use of 
paddle wheels. In England and Scotland large quan- 
tities of the skins are tanned by sewing together two 
skins, flesh to flesh, around the edges, so as to form 
sacks or bags, which are then filled with liquid sumac. 
This method is cheaper and gives a better color. It 
is also more expeditious, requiring usually less than 
one week, 

The tanned skins are next submitted to a sumac 
bath containing a cleaning acid, such as oxalic acid 
or sulphuric acid, then “struck out” and lightly oiled. 
They are afterward selected for coloring, and dyed 
if desired. To “finish” the skins, they are dampened, 
sammied or partly dried, and “struck out”’—that is, 
Stretched out on each side with a tool. If a bold 
srain be desired, in using the skins of old seals, they 
are embossed and dried out; but if the natural grain 
is retained they are blacked at once. A finish is im- 
parted by a good bottom coat of logwood, prepared 
by subjecting 1 hundredweight of Campeachy hard 
wood and 5 pounds of carbonate of soda in 50 gallons 
of water until the logwood is extracted, the liquor 
being at once drained off. 

After airing slightly in a warm place, the skins 
are ready for “wet graining.” They are again dried 
eur in a warm place, laid away to cool, and then sea- 
Soned with three-fourths of a pint of milk and about 
I's pints of blood added to a gallon of water, which 
'S rubbed in well with a stiff brush. The skins are 
now moistened with a mixture of milk and water. in 
the Proportion of 1 to 6, and rolled up, half a dozen 
Skins together, grain to grain. After a few hours they 


are 


house 


are rolled, grained off, and oiled with warm cod oil, 
When they are ready for the market. 

When carefully prepared, seal leather has greater 
Stren and durability in proportion to its weight 
than ‘most any other on the market, and on account 
a it hoice and attractive grain it is very popular 
for articles as cardcases, pocketbooks, shopping 
bags Much of it is enameled for belts and upper 
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shoe leather. The market value of seal-skin leather 
in the United States is from $20 to $30 per dozen 
skins, equivalent to about 50 or 60 cents per square 
foot. 

The “fast furs” or “wool-seal” skins are blubbered 
in the same way as the ordinary pelts, and are sold 
to the fur trade in the salted state. By the fur-dress- 
ers they are washed and leathered as in the first 
stages of fur-seal dressing. The thickness of the pelt 
is reduced by shaving or by friction on an emery 
wheel. When the dressing is completed the hairs are 
dyed black or brown, scarcely any of these skins be- 
ing left in the undyed state. They are used for var- 
ious purposes, especially for gloves and military bus- 
bies. During some seasons they are fashionable for 
trimmings, and a brisk demand exists for them. This 
was especially the case during the early eighties, when 
they sold for $3 to $6 each, dressed. At present the 
average price in the dressed condition is $1 to $2 
each. Many furriers—in America, at least—fail to 
recognize the fast furs as from a species of hair seals, 
considering them as the skins of a distant and separ- 
ate species, to which they give the name “wool-seal.” 

On the Continent of Europe the bluebacks are used 
mostly for fur trimmings after they have been dressed 
with the hair on; but in Great Britain and America 
they are usually tanned for leather purposes. Dur- 
ing the last season some blueback skins were tanned in 
this country with the hair on, but they did not take 
very well. 


THE RAW MATERIALS USED IN SILVERING 
AND METHODS OF TESTING. 


Tue manufacture of silvered mirrors embraces very 
delicate operations. As in many other processes of in- 
dustrial chemistry, in addition to skillful manipulation 
and strict application of methods, the purity of the 
substances employed plays an important réle. A mir- 
ror which has been prepared with the necessary eare, 
and which has received a coating apparently perfect, 
may suddenly be covered with spots; the work of sil- 
vering is then lost. A previous test of materials may 
remedy these inconveniences and prevent the return 
of such accidents, as a great saving of expense. We 
will enumerate the different products and describe the 
tests to which they should be submitted. 

The distilled water employed for the preparation 
ought to be limpid and neutral to litmus. Care shouid 
be taken to ascertain by means of silver nitrate that it 
does not contain chlorides. After addition of this re- 
agent, it remains clear, without formation of cloud or 
precipitate, # free from this kind of impurity. 

Silver nitrate is met with in trade in crystals or in 
smail sticks. In both forms it may be considered 
equally rich in silver. This salt ought to dissolve in 
distilled water without producing any cloudiness. 

Seignette salt (tartrate of soda and potash) is al- 
most always found in a state of sufficient purity; the 
pure salt forms in water a limpid solution, without 
leaving any residue. The absence of chlorides in this 
tartrate may be ascertained with silver nitrate. Tar- 
taric acid is also a product furnished in trade in a 
generally satisfactory condition. It is well, however, 
to make sure that it is free from chlorine. 

Ammonia and sal ammoniac proceed from the con- 
densation of the waters used in the manufacture of 
lighting gas. Products containing tars must be abso- 
lutely avoided. Only such as yield limpid and color- 
less solutions should be made use of. 

The alcohol to be employed should mark 94 or 95 
degrees centesimal; alcohol of good quality evaporates 
without leaving a residue; it is limpid and uncolored. 
The sojourn of this liquid in wooden casks often com- 
municates to it a brown color, having an influence on 
the deposit of silver, which is then colored yellow. All 
alcohol which is not neutral to litmus, which presents 
an acid reaction, is to be rejected. 

Under the name of benzine two kinds of products 
are designated commercially; one proceeding from pe- 
troleums, and the other from coal tars. All pure ben- 
zine volatilizes without residue. It is in the form of 
a liquid having the appearance of pure water. 

Oil of turpentine is to be employed only when recti- 
fied. It is colorless, without action on litmus. Under 
the action of air and light, it is colored yellow, if 
kept in vessels badly stoppered. Like alcohol, it leaves 
no residue on evaporation. Mixed with an equal vol- 
ume of ammonia, it forms after repose two separate 
colorless layers. 

English red is sesquioxide of iron; it is met witn 
in two forms. The first is obtained by grinding the 
natural product; the second proceeds from the decom- 
position of the sulphate of iron. The latter oxide has 
a color varying with the temperature of its prepara- 
tion. It ranges from red to violet. This oxide must 
be well washed before employment; well prepared it 
contains neither chloride nor sulphates. To test its 
purity a few grammes are heated with distilled water 
in a Bohemian glass. Afterward the matter is left to 
deposit and the clear part decanted. 

If the liquor, tested with litmus, reddens the tincture, 
it is a proof that the oxide still contains acid not re- 
moved by the washings. A single test with nitrate of 
silver will also indicate whether the liquor contains 
chlorides. In testing for sulphuric acid another por- 
tion of 1 or 2 grammes is heated with pure nitric acid 
not diluted. The eperation is as previously given, and 
a solution of barium chloride is poured into the de- 
canted liquid. The absence of precipitate indicates 
the purity of the substance. This test with reference 
to the presence of sulphuric acid may also be accom- 
plished by heating the matter with carbonate of soda 
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and charcoal. Sodium sulphide is produced if there 
are sulphates or sulphuric acid, which can be recog- 
nized by black spots produced in the melted mass 
when moistened with water and placed on a piece of 
silver. The product of the fusion treated with chlor- 
hydric acid disengagzes hydrogen sulphide character 
ized by its odor. 

Chrome yellow is sometimes employed in place of 
English red-stuff. It is prepared by precipitating the 
acetate of lead by chromate of potash; its shade varies 
trom yellow to orange according to the conditions of 
its preparation. Chrome yellow is tested like English 
red. 

Pure white lead dissolves completely in dilute nitric 
acid; still, it is well to ascertain whether the liquor 
has not dissolved chlorides accidentally mingled 

Graphite may contain mineral matters. Chlorides 
and sulphates may be sought for as mentioned above 
for other products. 

Gum lac to be suitable ought to have a color verging 
on garnet. A product of good quality has a dull frae- 
ture. To prepare the solution, the gum is first washed 
with distilled water to free it from dust; the clear 
white lac is not employed. It is high-priced and con- 
tains matters exerting a fatal influence on the deposit 
Often this product is adulterated with colophony, so a 
test of the purity of the matter is important. It is 
thus conducted: First, a solution of 0.08 density is 
prepared; the gum is then pulverized, introduced in 
the liquid, and shaken. The gum lac, which has a den- 
sity greater than 1.08, will on repose after agitation 
fail to the bottom of the vessel, while the colophony 
will ascend to the upper part in consequence of its 
inferior density. The search for chlorhydric and sul- 
phurie acids, which may accompany the resin, are 
accomplished as we have described above. 

Turpentine is a resin proceeding from trees of the 
family of pines and extracted by means of incisions 
in the trees. There are two kinds to be distinguished: 
the turpentine of the fir and the pine, of which the 
best qualities come from the south of France, and 
Venice turpentine; the latter is extracted from the 
larches of the southern Alps, the Tyrol and the north 
of Italy; this turpentine is transparent; it often is 
adulterated with turpentine of an inferior quality, and 
it is well to be able to discover this. 

*A small quantity is heated on a watch glass on the 
water bath until complete volatilization of the oil, and 
the residue moistened with alcohol. If this is crystal- 
lized, it shows the presence of ordinary turpentine. 
Another frequent adulteration is the addition of oil 
to the resin to clarify it; the test is made as above. 

The name of bitumen varnish is given to a solution 
of bitumen in benzine and spirits of turpentine. When 
commercial solutions are made use of, a preliminary 
test should be conducted on a small sample to see how 
it behaves. By bitumen two kinds of products are 
designated, one of which is natural, and the other pro- 
ceeds from gas tars. In consequence of its ready solu- 
bility, the artificial product is preferred. 

Gum dammar is a resin appearing in small clear 
masses, readily soluble in benzine; in trade an artifi 
cial dammar gum of a dirty gray is also sold. This 
product is not to be employed in varnishes; only the 
natural product of good quality should be made use 
of.—Translated from La Revue des Produits Chi- 
miques. 


AN ACCIDENTAL OFFICIAL FOREST FIRE. 


Apropos of the diminishing lumber supply of the 
Maine forests under the attacks of lumbermen and 
wood-pulp mills, Mr. Winthrop Packard tel, in the 
Boston Transcript, the following anecdote: Neverthe- 
less,-one of the worst fires that Maine ever saw was 
set, years ago, by the hand of authority, paradoxically, 
in an attempt to save the timber. It is known in folk- 
lore as the “Great State Bonfire of 1826." At that time 
all the forests were owned by the State and the valu- 
able pumpkin pine region up around Sebois was the 
favorite resort of timber thieves who went in in the 
spring, cut and stacked vast quantities of hay from the 
meadows and used it to feed their oxen during the 
winter while they helped themselves to the splendid 
timber. The State authorities sought to stop this 
thievery and sent Jim Chase, a timber-looker and a 
man supposed to be wise in woodcraft, one dry August, 
to burn this hay and thus block the timber pirates. 
Jim reached the meadows in safety, touched a match to 
the stacks, and sat down to smoke and muse on how 
easily he had outwitted the thieves and saved the tim- 
her. The stacks burned splendidly, and so did the 
neighboring torests, which were lighted for miles by 
flying embers. The wind increased and veered, and it 
was but a briei half hour before this authorized incen- 
diary was fleeing wildly with the frantic denizens of 
the wood, in a desperate attempt to save their lives 
The flames leaped hither and thither. Now with blis- 
tered face and shriveled boots he plunged through 
scorching embers and choking smoke, again gained a 
stretch of forest yet untouched, but always fleeing 
toward his one point of safety, a bare slate peak half 
a dozen miles to the south. Strange was the compan- 
ionship of that wild journey. Bear, deer, moose, every- 
thing that could run or fly or crawl fled with him, 
driven by the tremendous blaze that Jim Chase had 
kindled in the name of the State of Maine. At last, bleed- 
ing, blistered, blazing, he sank exhausted on the great 
rock pinnacle which goes to this day by the name of 
Mount Chase. For two weeks Jim dwelt on this bare hill, 
living as best he might while the woods burned in an 
On the fif- 
teenth night a heavy rain fell and he was able to tray- 


24835 
i 
\ 
dd, 
of 
nd 
in 
w- 
“a, 
by 
of 
n, 
ng : 
3 
an 
a 
th 
ym 
et 
xi- 
or 
ps, : 
te- 
wa : 
ty + 
ge 
1g. 
ng 
ily 
ng ? 
a 
al, 
is 
yn- 
he 
te. 
fer 
of 
ree 
nt 
ng 
nd > 
ne. : 
ds 
he 
nd 
om 
ue. 
red 
tly 
ni- 
is 
er- 
her ; 
are 
nd- 
put 
ed. 
35 ; 
rts, 
ual ; 
0, 
ian 
ing 
els 
the 
fits 
ite 
arp 
ay 
so : 
he 
of 
of 
iar 
yan 
ar- 
val- 


24336 


erse the burned and blackened hills and valleys back to 
Bangor Did you burn the hay? asked the State 
agent “Hay?” said Jim, “Gosh-a-mighty! burned 
the hay, and the woods and the ground and every living 
critter in ‘em, and if Moosehead Lake ain't afire now it 
ain't my fault.” It was found afterward that Jim’s 
official fire had burned over five townships entire and 
parts of six others, a total of nearly two hundred square 
miles covered with the finest timber that ever grew 
It the timber pirates of Sebois had been allowed to 
cut steadily from that day to this they could not have 
done half the damage that had come from this vigorous 
but ill-advised attempt to drive them out. That was 
Maine's last State bonfire 


ELECTRIC OVERHEAD TRAVELING JENNY 


AN ingenious electric overhead jenny has been de- 
signed by Messrs. Jessop & Appleby, of Sheffield, Eng- 
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from the illustration, the operator travels in a cage 
provided tor his accommodation. 


A GASOLINE WARSHIP LAUNCH. 


Napier has built a launch to the following brief speci- 
fication of requirements: “To be capable of carrying 
six officers in full dress out to a vessel anchored at 
Spithead in any weather, even a half a gale of wind, 
at a considerable speed, without being inconvenienced 
by spray or water.” 

Of course, in meeting these requirements there are 
many other subsidiary conditions which are very es- 
sential. For instance, the boat has to be able to be 
lifted from two points and placed on board a cruiser 
or battleship; and moreover, in order to justify the 
room taken up in stowing such a vessel as this, she 
must be capable of carrying at least twenty-five men 
with their arms and accouterments, if necessary, and 
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land, the characteristic of which is that it occupies 
the minimum of room and no floor space whatever, 
while the fact that it can be arranged to attain high 
rates of speed, and that it will negotiate curves of 
small radii, render it a tool of widespread utility. The 
jenny is arranged to run on a 12-foot by 6-inch rolled 
steel joist, and its total width does not exceed 4 feet, 
while the depth of the jenny below the joist (exclusive 
of the driver's seat) does not exceed 18 inches. The 
side frames are of mild-steel plates, carried by the 
roller which runs on gudgeons. The wheel base is 
about 2 feet. The motors, two in number, are series- 
wound, reversing, inclosed, and of nearly equal horse- 
power, the latter so that they easily balance one an- 
other, and the two controllers are brought to the front, 
so as to be handy for the men to operate. The load is 
lifted on two parts steel-wire rope, reeved around an 
equalizing pulley block and carried on a barrel with 
right and left-hand thread, so as to lift in a dead verti- 
cal line. The hoisting motion is throughout worm 
gear running in inclosed oil boxes with ball thrust 
collars, and a second reduction of speed is obtained 
by spur gear. Traveling is accomplished through 
double-spur reduction, the first set of wheels being 
machine cut and running in oil boxes. The speed 
of travel with 25 hundredweight load is 200 feet per 
minute, with a hoisting speed of 25 feet per minute. 
Current is applied by means of two naked copper 
wires suitably carried by insulators, from which the 
current is wiped by the trolleys. As will be seen 


AN OVERHEAD ELECTRIC TRAVELING JENNY. 


she must be able to travel for a considerable distance, 
when loaded, with a larger quantity of men than this, 
should the order be given to abandon ship. 

The boat would be constructed of mahogany on the 
Saunders sewn system, and the shell would consist of 
four \-inch planks of a considerable width, with a 
sheet of fine linen between coated with a special water- 
proof cement, and the whole, including the stringers, 
keelsons, stem and stern frame, would be stitched to- 
gether with phosphor-bronze wire. 

As these thin planks are easily bent in position one 
on top of the other, there are no stresses set up in the 
building of the boat; and as the grain of the wood is 
arranged to run horizontally, vertically, and diagonal- 
ly, sloping both forward and aft, it will be seen that 
the shell of the boat is homogeneous in its strength, 
and is moreover perfectly elastic, and will return to its 
original position even after considerably more strain 
has been placed upon it than would be sufficient to 
fracture an ordinary boatskin of the same thickness. 
By these means an extremely light and, at the same 
time, exceedingly strong boat can be constructed, and 
the lines laid out by the designer can be followed to 
perfection. 

The fore part of the vessel is covered in first of 
all by an ordinary deck, and secondly by a shaped hood 
(which is also built on this system) constructed en- 
tirely to cover the machinery and to form a shield 
against the water. Immediately aft of this shield is a 
small cockpit, in which is the steering wheel, together 
with the necessary controlling levers for the use of the 
engineer; and as the operations for controlling the en- 
gine and the boat are so extremely simple, one man can 
do the whole work of engineer and coxswain. 

The hatch is placed forward for the man to manipu- 
late the headline and boathook, while a tiller is ar- 


Ferrvary 11, 1905, 


ranged aft in the ordinary manner, for the boat to | 
steered from aft if it should be so desired. 

The engine is a 36-horse-power Napier marine moto 
capable of giving about 40 B.H.P. at a moderate spee, 
and weighing altogether about 5 hundredweight. 

Fuel is contained in a tank placed forward of wate 
tight bulkhead in the bow of the boat. This precautic 
is taken so that should any accident happen, such as 
projectile passing through the tank, the fuel will nc 
flood the remainder of the boat. 

The engine, it will be noticed, is secured on substa: 
tial fore-and-aft bearers, distributing the weight 
same well over the center part of the vessel. Thes 
bearers in the same line also secure the reverse gea: 
and the shaft is carried on through a substantial dea: 
wood to an A bracket at the stern of the vessel. Th 
engine itself is of the usual Napier marine type, lubr 
cation is automatic, and everything is extremely a 
cessible; and all the instruments, such as the lubr 
cators, ignition coil, throttle lever, etc., are mounte: 
upon an instrument board in turn secured to the engine 
bearers. 

The control of the propeller is effected by means of 
the reverse gear, the clutch, and the throttle. The la’ 
ter enables any speed from full speed, which is about 
14 knots, to a speed of about 4 knots to be determine 
and a Napier marine motor has the advantage of 
steam engine insomuch as the engine can be immedi- 
ately throttled down or opened, and can continue in 
that state for an indefinite period, there being no com- 
plications as regards providing the necessary steam 
for the speeds that may be required. 

Further, if it is desired to further slow the vesse!, 
by simply depressing a foot pedal the clutch is with- 
drawn and the engine is freed from the propeller shaf' 
which clutch can be let in or out as required. If it is 
desired to go astern, immediately the clutch pedal is 
depressed the reverse lever is thrown in the astern 
position and the clutch pedal again let up, when the 
propeller will revolve in the opposite direction; and it 
is found that this method of control is considerably 
more efficient than what can be obtained in the two- 
crank steam engine. 

The cabin has no special points except that it is an 
unusually excellent piece of work, and great care has 
been taken to provide lights that can be opened readily, 
and will, when closed, make a water-tight joint, and it 
is, of course, upholstered and decorated in a manner 
consistent with the remainder of the boat. 

This also applies to the cockpit, and altogether this 
part of the launch forms an elegant and satisfactory 
accommodation for gentlemen using the boat for trav- 
eling from point to point at high speed. 

It will be noted that the propeller is very close to the 
surface of the water, and that the deadwood allows the 
boat to be beached without the propeller taking the 
ground. The flat floor of the boat is abaft the beam, 
and her general lines give her the property of not suck- 
ing down aft when going at full speed, as is a common 
defect in this size of vessel. Neither does the pro- 
peller leave the water when in a rough sea, and the 
eenter of lateral resistance being where it is, viz., 
nearly amidships, with the powerful rudder, enables 
the boat to be turned very easily and quickly, or held 
on her course in a following sea. 

The exhaust is water-cooled from the time it leaves 
the engine, and the pipe is carried aft with the si- 
lencer; it leaves the boat just on the waterline, in a 
position where the outgoing gases are submerged and 
do not appear until they are some good distance astern. 
This exhaust system makes the boat absolutely silent 
as far as any noise from the exhaust is concerned, and 
should an excessive amount of lubrication be obtained. 
there is no unpleasant odor given out through the 
burnt oil. 

For very bad weather a storm sheet is rigged from 
the break of the cabin to the break of the forward hood, 
which gives extra shelter and prevents the engine well 
from becoming flooded. 

Powerful bilge pumps and the useful accessories to 
be expected in this class of craft are installed. 

The engine is entirely free from vibration and prac- 
tically free from noise, and the experience of traveling 
in this vessel is similar to that obtained when traveling 
in a first-class triple-crank steam engine in excellent 
order. 


ELECTRIC TRACTION ON RAILROADS—SWITZER- 
LAND. 

A series of experiments have been carried out by 
one of the large electrical firms of Switzerland, ‘he 
Oerlikon Company, regarding electric traction on stand- 
ard gage railroad lines. A report of these tests !ias 
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de to the Federal Commission, and it is likely 


as nilar trials or a large seale will be held on the 
See Vittingen railroad section, seeing that the first 
exp nts were very satisfactory. These were car- 
rie + with a locomotive of 400 horse-power, using 
sin: ase alternating current at 15,000 volts. They 
sho hat it is possible to use the alternating cur- 
ren ‘rains covering considerable distances, owing 
to -h tension and monophase current which is 
em) as this simplifies the construction of the line 
con: .oly. The Oerlikon locomotive can draw a 500- 
ton ‘nt train on a level grade, represented by 39 
load rs, at 25 miles an hour. The current taken is 
oni imperes. The chassis of the locomotive is 
mou on two motor-driven bogies; each axle carries 
a d urrent motor with double-reduction gearing. 
The ophase current at high tension coming from 
the vnead wire is used to work an alternating cur- 
rent or directly. The motor is coupled with a di- 
rect nt generator which supplies the motors on the 
bog. rhe current from the overhead line is taken 
int ocomotive by a special form of trolley pole, 
eons « of a light metal rod mounted on a pivoted 
bed-piat’ and curved in the form of an arc, so as to 
run alone the overhead wire. The piate allows the rod 


to take a considerable play, and thus assures a good 
contact with the wire, in whatever position the latter 
may « in relation to the track, and in both forward 
and back movement of the locomotive. The line is 
mounted upon 16-foot poles at the side of the track. 

In the report which the Government Commission 
recentiy made upon the above trials, it is of the opinion 
that electric traction can be used in Switzerland with- 
out great difficulty on some of the lines which have 
but a small amount of international traffic, or again in 
special cases such as the St. Gothard tunnel where the 
trains run to and fro. Among the advantages present- 
ed by electric traction, allowing an equal speed of the 
trains, is a gain of time owing to the quick starting of 
the electric trains, also the electric lighting of the 
trains in a very simple manner, absence of smoke and 
sparks, etc. As to determining the maximum power 
which is needed for a given system of line, this is not 
an easy matter. The calculation should be based upon 
the profiles of the lines and the time-tables. It would 
be erroneous tc base it upon the present consumption 
of coal or the total power of the locomotives. In Switz- 
erland, for instance, the total power of the steam loco- 
motives is 330,000 horse-power, but this does not say 
that so much power would be needed for the electric 
system. Again, the energy taken per year is 262,000,000 
horse-power-hours. If the working is distributed over 
18 hours, the power absorbed simultaneously is 40,000 
horse-power on the wheels of the train or 60,000 at the 
turbines of the electric station. Evidently the maxi- 
mum would be much greater, as the traffic cannot be 
so distributed. 


PORTABLE OIL ENGINE WITH REVERSING GEAR. 


THE accompanying illustrations represent a portable 
oil engine recently constructed by the Campbell Gas 
Engine Company, Limited, of Halifax. The idea which 
the makers had in mind when designing this plant 
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The cylinder of the engine is mounted upon a steel 
truck composed of two steel girders plated over the 
top. -To the underside of the girders are riveted axle- 
plates, to which the axles are bolted. In the interior of 
the truck is fitted an independent water tank of 50 
gal'ons capacity. The engine cylinder is bolted to 
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is a reduction in the quantity of oi] necessary to pro- 
duce a given power. In some cases this is as much as 
25 per cent. The actual test figures of the portable oil 
engine shown in our engravings, which is of 25 brake 
horse-power, were 0.64 pint of Rocklight oil per brake 
horse-power per hour. Another result of the higher 


the truck and stayed by tie-rods between it and the 
crank pedestals. The cooling water is circulated by a 
pump, and after passing through the cylinder jacket it 
is delivered to the water cooler. In descending 
through this apparatus the water is met by a current 
of air passing upward, and in this way the tempera- 
ture is, we are informed, reduced from about 140 deg. 
F. to about 95 deg. F. 

During the last five years or so the vaporizing ar- 
rangements in the Campbell oil engine have been con- 
siderably modified and improved. Five years ago it 
was practically impossible to use higher compressions 
than from, say, 45 pounds to 50 pounds on the square 
inch, owing to difficulties caused by pre-ignition. These 
difficulties have been largely overcome by the injection 
of water along with the oil into the combustion cham- 
ber and vaporizer. In the Campbell oil engine the 
water is not actually injected, in the strict sense of 
the word, but is drawn into the cylinder from the 
water-jacket. A special valve is fitted in the combus- 
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was ‘hat it should be capable of moving over heavy and 
diffien!t country where roads are practically non-exist- 
ent. ‘it is for this reason that the carrying wheels 
have »een made broad in the face and of large diam- 
eter They, moreover, are arranged so that they 
“trac\.’ with one another. Brakes are fitted to both 
back vheels, and, in addition, slippers are supplied for 
both ‘hese wheels. 


Longitudinal Section) 


Plan. 
DETAILS OF THE PORTABLE OIL ENGINE. 


tion chamber, and on the outstroke of the piston the 
water is drawn through this valve into the cylinder 
at the same time as the combustible mixture is drawn 
through the vaporizer into the cylinder. The water is 
vaporized by the heat of the combustion chamber and 
of the compression. 

As a result, compressions of some 70 pounds to 80 
pounds are obtained, and as a consequence of this there 
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compression has been that higher flash-point oils con 
now be used than was formerly the case. These oils 
are, of course, cheaper in price than the lighter and 
lower-flash brands of lamp oils. The same methods 
have, with certain modifications, been adopted by the 
Campbell Company for vaporizing and burning crude 
oils. 

In the particular engine which we illustrate a revers- 
ing gear has been applied to the crankshaft. This 
has been necessary because the engine is destined to be 
employed for oil-well drilling where the boring tool 
has to be driven in different directions for boring and 
withdrawing. The action of the reversing gear will 
be readily understood from the engraving. As shown, 
it is in the stationary position. By turning the hand 
wheel in a left-handed direction, as indicated, the four 
screws of the clutches A and B are caused to turn. 
They all move together, since they are connected and 
moved by the bell-crank lever. This action causes the 
clutch, A, to engage with the spur-wheel, Z, while the 
clutch, B, remains free. The pulley, which is keyed 
to the boss of the wheel, Z, then revolves with the 
engine shaft. For reversing, the hand wheel is turned 
as shown, this action causing the clutch, B, to engage 
the wheel, F. Then, by means of the pinions, C and 
D, the wheel, £, and with it the pulley, P, are made to 
revolve in a direction opposite to that of the pulley, P. 
—The Engineer. 


ILLUMINATED MISSAL USED FOR STAINED 
GLASS. 

A TouRIST—or, rather, perhaps, we should say a trav 
eler—came to the village, and, finding the one or two 
spare beds of the inn already occupied, sought shelter 
for the night in a neighboring cottage. He was shown 
into a small attic room, lit by a window of four small 
panes. He did not particularly notice the window that 
night, but, waking soon after dawn the next morning, 
he was astonished to see what he took to be stained 
glass in the window. Rising to examine this, he speed- 
ily discovered that the supposed stained glass, through 
which the light of day was somewhat faintly passing, 
was in reality the illuminated vellum pages of some 
ancient book. Although not a collector, the traveler, 
one Jean Goulet, was a man of some education, and at 
once recognized that these pages must have formed a 
portion of an interesting, if not valuable, Latin manu- 
script. On descending for breakfast and making an 
inquiry regarding it, his hostess explained that he was 
correct, and that the “paper” with which they had 
sought to mend the cracked panes and replace the 
broken ones had formed a portion of a book which her 
father had found in a neighboring chateau some thirty 
years previously, at the time of the French Revolution. 
The peasant woman did not evince any great interest 
in the matter, but admitted the rest of the book was 
somewhere. After considerable pressure put upon her 
by her guest, a search was made for it, and it was dis- 
covered in a little cupboard near the fireplace. An at- 
tempt had evidently been made to light the fire with 
some of the pages, for several charred and shriveled 
ones were still in the cupboard. In the end the remain- 
ing leaves—some ninety in number—of this most inter- 
esting and beautiful book were acquired by the traveler 
for a few francs. But nothing would persuade the 
peasant woman to permit the four or five leaves which 
had been used for the mending of the window to be 
taken away. “No,” said she, “we've no more glass and 
they serve their purpose well enough for us.”—Clive 
Holland in Chambers’s Journal, 
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Correspondence, 


A CORRECTION. 
lo the Editor of Sciexrivic AMERICAN SUPPLEMENT: 


We beg to direct your attention to the fact that 
the “Apparatus for Investigating the Magnetic Proper- 
ties of Iron,” as deseribed and illustrated in Number 
of the is an original construction 
of Mr. Dr. Bruger of our firm, while Prof. Epstein has 
designed an apparatus for testing sheet-iron by means 
of a wattmeter 

We ask you to publish this correction and remain, 

HARTMANN & BRAUN, 

Franktort a. M., Germany, January 2, 1905. 


rHE MOLECULE, THE ATOM AND THE NEW 
THEORY OF MATTER.* 

\i the Franklin Institute, on Thursday evening, Oc- 
tober 6, 1904, Prof. A. EB. Outerbridge, Jr., opened the 
proceedings of the sections by a highly ‘nteresting 
paper on the “New Theory of Matter,” of  s.nich the 
following is an abstract 

The speaker said that twenty years ago he had given 
un address on “Radiant Matter” in the Auditorium at 
the Electrical Exhibition of the Franklin Institute, 
and since that time amazing discoveries have been 
made in cognate branches of science, causing new con- 
ceptions of the nature of the ultimate particles of 
matter out of which worlds are formed to dawn upon 
the minds of leaders of thought 

When philosophers like Lord Kelvin, Sir William 
Runisay, Sir Oliver Lodge, Sir William Crookes, and 
others, admit that the discovery of radium has upset 
all our preconceived ideas of the nature of matter, it 
behooves us to re-examine carefully the ground upon 
which we stand and try to comprehend the new views 
that have been advanced by such leaders 

The delicacy of the apparatus devised by modern 
plysicists, and the refinement of experimental research 
rendered possible thereby, are among the greatest mar 
vels of this wonderful age. The physicist is pushing 
his researches into paths which but a few years ago 
were thought to be forever hidden somewhere in the 
vast realm of the unknowable, and the boundary line 
between so-called physical and metaphysical science 
is continually narrowing; the philosopher has ad- 
vanced, step by step, until he seems almost to have 
grasped the ultimate particles which constitute the 
physical basis of the universe, and to have revealed to 
mortal eyes particles of matter too minute even for 
the mind's eye to comprehend. 

It is a significant observation that all modern re- 
search tends to simplify Nature's laws, to show their 
intimate correlation and even to point still farther 
toward a complete unification or oneness of origin; 
thus the great forces of light, heat, and electricity, 
though differing so widely in their effects on our 
senses, have all been resolved into “modes of motion,” 
and it would seem a natural inference from the trend 
of modern scientific speculation that the now seemingly 
complex laws of nature's forces may all come at some 
future day—not far distant perhaps—to be compre- 
hended in the study of the laws of motion 

Even matter itself, in its final analysis, is thought 
by sonre philosophers to owe its protean forms solely 
to didference in the movement of molecules or atoms; 
some years ago Lord Kelvin said “That which we 
call matter may be only the rotating portions of some- 
thing which fills the whole of space, i. e., vortex mo- 
tion of an everywhere-present fluid.” 

Prof. Tait, following along the same path, said 
‘This property of rotation may be the basis of all 
that appeais to our senses as matter.” 

Prof, Crookes said “From this point of view, then, 
matter is but a mode of motion.” 

These views, which startled us when first an- 
nounced, have been the advance couriers preparing us 
for the still more surprising statements recently put 
forth by leaders of scientific thought regarding the 
nature of matter 

The speaker said that before asking attention to 
the latest views regarding the nature of the ultimate 
particles of matter, it might be well to review very 
briefly some of the well-known laws and generally- 
accepted theories regarding molecules and atoms 

The wonderful divisibility of matter has attracted 
attention from early times, and it was long thought 
that no absolute knowledge could ever be obtained re- 
zarding the nature of the infinitesimal particles out 
of which worlds are formed. Indeed, one scientist, 
eminent in his day, said “Of the ultimate nature of 
matter the human faculties cannot take cognizance, 
nor can data be furnished by observation or experi- 
ment on which to found an investigation of it.’ Lord 
Kelvin said, more recently, that they are “pieces of 
matter of measurable dimensions, with shape, motion 
and laws of action; intelligible subjects of scientific 
investigation.” The same authority, undaunted by the 
complexity of the problems, deduced approximately, 
by four separate and distinct methods of calculation, 
the ultimate size of molecules, and in order to make 
the minute dimensions more readily comprehensible 
he has given this illustration: “Imagine a drop of rain, 
or a glass sphere the size of a pea, magnified to the 
size of the earth, the molecules in it being increased 
in the same proportion, the structure of the mass 
would then be coarser than that of a heap of fine shot, 
but probably not so coarse as that of a heap of cricket 
balls.” This represents the “coarse-grainedness” of 
matter 

Tyndall, in his charmipg “Fragments of Science,” 


* Jour, Franklin Inetitnte. 
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has given us some interesting ideas regarding the size 
of the particles constituting cometary matter. He 
says: “From their perviousness to stellar light and 
other considerations Sir John Herschel drew some 
startling conclusions regarding the density and weight 
of comets. These extraordinary and mysterious bodies 
sometimes throw out tails 100,000,000 miles in length 
end 50,000 miles in diameter. Now, suppose the whole 
of this stuff, i. e., the matter forming the tail, to be 
swept together and suitably compressed, what do you 
suppose its volume would be? Sir John Herschel 
would probably tell you that the whole mass might be 
carted away, at a single effort, by one of your dray 
horses. In fact, | do not know that he would require 
more than a small fraction of a horse-power to remove 
the cometary dust. 

“After this you will hardly regard as monstrous a 
notion [| have sometimes entertained, concerning the 
quantity of matter in our sky. Suppose a shell to 
surround the earth at a distance which would place it 
beyond the grosser matter that hangs in the lower re- 
gions of the air, say at the height of the Matterhorn 
or Mont Blanc. Outside this shell we have the deep 
blue firmament. Let the atmospheric space beyond 
the shell be swept clean and the sky matter properly 
gathered up. What would be its probable amount? I 
have sometimes thought that a lady's portmanteau 
would contain it all. I have thought that even a gen- 
tleman’s portmanteau, possibly his snuff-box, might 
take it in. Whether the actual sky be capable of this 
amount of condensation or not, | entertain no doubt 
that a sky quite as vast as ours, and as good in appear- 
ance, can be formed from a quantity of matter which 
might be held in the hollow of the hand.” 

The divisibility of matter is at once a physical and 
a metaphysical question. It is obvious that masses of 
every form of matter known—saving perhaps the 
light ether—are capable of division with more or less 
readiness. But is there any limit to this division other 
than the imperfection of the means employed? Here 
physics and metaphysics are at variance, and the 
former boldly avers that there is a limit, “A tragment 
of salt, for example, sustains subdivision only to a 
certain extent. Divide it but once again, and the salt 
av such disappears, and in its place we have the two 
new substances, sodium and chlorine. This limiting 
particle is called a molecule. It is the smallest parti- 
ele of any substance which can exhibit the chemical 
properties of that substance, The aggregation of mole- 
cules constitutes a mass: henee the molecule is the 
physical unit—the ultimate particle or cénter of the 
physical forces. . An atom is the smallest por- 
tion of matter which can be reached by nature's pro 
cesses of subdivision. It is generally defined as the 
smallest particle of simple matter which can enter into 
the composition of a molecule . The’ word 
atom came into use to express a universally conceded 
fact expressed in the law of definite proportions, 
namely, that a certain definite quantity of matter by 
weight combines with a similar definite quantity of 
some other matter. The smallest quantity of any sub- 
stance which is found ever to enter into combination 
is called an atom. No real objection can lie against 
the idea of atom when defined in this way. If we 
concede that the molecule has as real an existence as 
a mass, I see no reason for not conceding the same to 
the atom.’* 

The speaker referred to Sir William Crookes’s dis- 
coveries in “Radiant Matter,” and read the following 
excerpt from a report printed in the Journal of the 
Franklin Institute, April, 1881, of an address which 
he had given at the Institute on Prof. Crookes’s 
“Fourth State of Matter.” 

We are now prepared to ask, What is the character 
of the ultimate particle? This is a problem which 
has exercised the philosophic mind for many genera- 
tions. The celebrated Italian poet and philosopher, 
Lucretius, speculated on this topic, and left a work 
called “De Rerum Natura’—of the nature of things— 
embodying his views, which are interesting even at 
this day. 

Sir Isaac Newton invented, or adopted, the theory 
that all matter was composed of little, hard, incom- 
pressible spheres. This theory afforded him a plausi- 
ble and ingenious expianation of certain discrepancies 
which he found to exist between the real velocity of 
sound in air, as proved by experiment, compared with 
the theoretical velocity, as calculated by him, based 
upon seemingly correct data. The theory, however, 
was found to be untenable, and was long since over- 
thrown, 

The idea of motion, as associated intimately with 
matter in some vague and unexpiained way, seemed to 
be intuitively felt to be a necessity even before the 
time of Faraday, and a reaction from the hard atom 
theory of Newton brought out a class of philosophers 
who maintained that the so-called atom was not mate- 
rial at all, but that there existed in space certain foci, 
or centers of force; these points were supposed to 
possess the properties of attraction, repulsion, etc., and 
to behave in other respects as the most approved atom. 
This idea is believed to have been at least counte- 
nanced, if not actually adopted, by Faraday. 

The wonderful investigations of Helmholtz on rotary 
fluid motion paved the way for Sir William Thom- 
son's “Vortex Atom Theory.” 

This theory seems to explain many obscure phenom- 
ena, and, while we may hardly say that it is to-day 
the fully accepted creed of the scientific world, it is 
founded, not upon a rock, but upon the potent infiu- 
ence of the talismanic word motion, to whose eddying 


The Molecule and the Atom.’? G, F. Barker, American Chemst, 
November, 1876 
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current the causes of so many of nature’s grand 
phenomena are now relegated. 

“Sir William Thomson's supposition is that the wu 
verse is filled with something which we have no rig 
to call ordinary matter, but which we may call a jx 
fect fluid; then, if any portions of it have vortex m 
tion, they cannot part with it; it will remain with the 
forever, or at least until the creative act which p: 
duced it shall take it away again.’’* 

This theory is far too complicated to admit of a cle: 
exposition in a few words; but we will try to form a 
idea of it by means of a simple illustration. You kno 
that a smoker may, by a peculiar adjustment of t! 
mouth, accompanied by sudden muscular movemen! 
of the cheeks, skillfully exhale portions of the tobac 
smoke in the form of beautiful opaque rings, whi 
continue to rotate about their axes, gradually disa; 
pearing as the motion ceases; this is a vortex moy: 
ment of the simplest order, and while it lasts th 
portions of the smoke forming the rings are separat« 
and distinct from all the rest of the smoke in th 
room; and should this motion never cease (by th 
retarding influence of friction and gravitation), thi 
smoke would remain differentiated forever and imbue: 
with new properties in virtue of that vortex motion. 

This crude illustration conveys the simplest idea «| 
a most abstruse scientific speculation when referred to 
the hypothetical, all-pervading, perfect fluid, so essen 
tial to the existence of Sir William Thomson's vortex 
atom.7 

The speaker alluded to the theory of “Compressilb|: 
Atoms” advanced by Prof. Theodore W. Richards, 0} 
Harvard University, and to the interesting relation 
thereto, as noticed by him, of the remarkable perma 
nent expansion of cast iron (exceeding 40 per cent in 
cubic volume) when subjected to repeated heating ani 
cooling.i In a recent letter Prof. Richards said: 
“The theory of compressible atoms bears upon all th: 
points which you bring up, and it seems to me that 
all are explicable according to it. Let us suppose that 
in a given pure metal the atom is equally attracted 
on all sides, and therefore equally compressed on al! 
sides (this may or may not be true. but will serve 
as an initial assumption). If now the material is 
fused with another, forming an alloy, the atoms of 
each, being no longer symmetrically surrounded, wil! 
be unsymmetrically compressed and the volume change 
would be a very complicated function. This would 
also be true even if, in the first place, the pure metal’s 
atom were not symmetrically compressed; in this case 
the change would still be bound to occur when the 
environment is changed. These consideralions apply 
to most of your observations, I think. In the case ot 
‘invar’S we must imagine that some shifting of affini- 
ties as the temperature rises must cause a contracting 
effect, which counterbalances the normal expansion o! 
heated substance. The case may be supposed to be 
analogous to the probable state of water about 4 deg. 
C., or to your interesting shift of affinities on heating 
cast iron, except that in this last case the shift in 
volves an expansion instead of a contraction. As | 
understand it, in your case the shift of affinity is mad 
manifest by actual change of structure. In the case ol 
‘invar’ it cannot go so far as this, at least with moder- 
ate temperatures; on cooling, the structure must settle 
back to what it was before cooling.” 

The speaker said that since the discovery of radium 
and its remarkable properties it has been generally ad 
mitted that our preconceived ideas regarding the in 
divisibility of the atom, and, indeed, the whole nature 
of atoms and molecules, or, in other words, the nature 
of matter- itself, need modification; at the present mo- 
ment the scientific world is in suspense regarding the 
future; it is a moment of uncertainty, and while we 
may properly feel great desire to comprehend the new 
ideas in the minds of leaders of thought, we will cer- 
tainly be justified in exercising caution in accepting 
new and revolutionary theories until further light shal! 
have been cast upon the whole subject; meanwhile it is 
fortunate, in view of the present uncertainty regard 
ing the nature of the ultimate particles of matter, tha! 
it is quite immaterial to our physical welfare whethe: 
the atom be divisible or indivisible; compressible 0! 
incompressible; whether it be a solid sphere, as New 
ton thought, or a mere focus of force, as other philos 
ophers have maintained; this is an abstruse subjec! 
of academical importance only. 

In his address on “Radiant Matter,” already allude: 
to, the speaker said: “That mysterious agency ©! 
force, called electricity, has been utilized not only fo: 
hundreds of practical purposes, so fully illustrated in 
this grand electrical exhibition, but it has been em 
ployed by the physicist as a sort of finger to probe 
Nature’s inmost structure, and it has enabled him not 
only, as it were, to see her mind, but, in some sens 
to feel her pulse.” Now we are actually told that elk 
tricity is the basis of all matter. This is the ne 
theory. 

Sir Oliver Lodge, F.R.S.. in a recent paper entit! 


* * Recent Advances in Science,” P. G. Tait. 

+ The subject of rotary fluid motion is such a forbidding one, from + 
purely mathematical point of view, that no one had done more than tak 
a look at it, as it were, until Helmholtz gave us the fandamental prop 
sitions; splendid as they are, they are only a first step. Indeed, to 
vestigate what takes place when one circular vortex atom impinges uj 
another, and the whole motion is not symmetrical about an axis, '* * 
task which may employ perhaps the lifetimes for the next two or th 
generations of the best mathematicians in Enrope, unless in the m+ 
time some mathematical method, immensely more powerful than anyth) 4 
we at present have, should be devised for the special purpose of solv 
this provlem,—P. G. Tait, “ Recent Advances,” p. 298. 

t See “The Mobility of Molecules of Cast Iron.”’ A. EF. Onterbrid 
Jr.. Transactions American Institute of Mining Engineers, 194, 
Journal of the Franklin Institute, February, 1904. 

§ Invar is a new alloy of iron aud nickel which expands alm st inap 
ciably when heated to a high temperature, 
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E Theory of Matter,” says: “What electricity 
itse we do not know, but it may perhaps be a 
aspect of matter; so have taught for thirty 
disciples of Clerk-Maxwell. Now we can go 


yea 

one further and say, matter is composed of elec- 
trie ud of nothing else—a thesis which | wish to 
ex} ind partially justify. 


( resent view of an atom of matter is some- 
- the following: Picture to one’s self an in- 
ed mass of positive electricity diffused uni- 
ver a space as big as an atom—say a sphere 
two hundred million could lie edge to edge in 
such that a million million million million 
crowded tightly together in an apothecary’s 

vrai rhen imagine, disseminated throughout this 

herical region, a number of minute specks of 


sna 
nega electricity, all exactly alike, and all flying 
abo sorously, each of them repelling every other, 
but ttracted and kept in their orbits by the mass 
of p ive electricity in which they are imbedded 
and z about. 

“D rent atoms, that is, atoms of different kinds of 
matt: ire all believed to be composed in the same 
way it if the atoms of a substance are such that 
each sesses twenty-three times as many electrons ag 
hydroeen has, we call it sodium. If each atom has 
200 iimes as many as hydrogen, we call it lead or 
quicksilver. If it has still more than that, it begins 


to be conspicuously radio-active. 5 

“Matter then appears to be composed of positive and 
negative electricity, and nothing else. All its newly- 
discovered as well as its long-known properties can be 
thus expained—even the long-standing puzzle of ‘cohe- 
sion’ shows signs of giving way.” 

The most recent pronouncement may be found in an 
address on “The New Theory of Matter,” delivered be- 
fore the British Association for the Advancement of 
Science. by the Rt. Hon. A. J. Balfour, D.C.L., LL.D., 
F.R.S., M.P., president of the association. 

Mr. Balfour says: “Surely we have here a very ex- 
traordinary revolution. Two centuries ago electricity 
seemed but a scientific toy. It is now thought by 
many (o constitute the reality of which matter is but 
the sensible expression.” Again he says: “To-day 
there are those who regard gross matter, the matter of 
everyday experience, as the mere appearance of which 
electricity is the physical basis; who think that the 
elementary atom of the chemist, itself far beyond the 
limits of direct perception, is but a connected system 
of monads or sub-atoms, which are not electrified mat- 
ter, but are electricity itself; that these systems differ 
in the number of monads which they contain, in their 
arrangement, and in their motion relative to each other 
and to the ether; that on these differences alone de- 
pend the various qualities of what have hitherto been 
regarded as individual and elementary atoms; and 
that while in most cases these atomic systems may 
maintain their equilibrium for periods which, compared 
with such astronomical processes as the cooling of a 
sun, may seem almost eternal, they are not less obe- 
dient to the law of change than the everlasting heav- 
ens themselves.” 

Strange and incomprehensible as this electrical the- 
ory of matter may seem at first glance, it is, after all, 
but a modification of the vortex atom theory, and it is 
incumbent upon us to realize that these new ideas, 
startling though they be, are not merely the imagina- 
tive inventions of scientific romancers, like Jules 
Verne, but are the serious thoughts of learned men 
who have delved deeply into original lines of research, 
and are recognized both as leaders of scientific thought 
and as eminent discoverers. 

In conclusion, the speaker said that, although con- 
scious of having imperfectly succeeded in his effort 
to elucidate so abstruse a subject as the modern con- 
ception of the nature of matter in the brief period of 
time available, he ventured, nevertheless, to hope that 
this little glimpse into the minute world of atoms and 
molecules might tempt his hearers to explore more 
deeply these interesting paths of knowledge, which 
have been so recently opened to view by toiling inves- 
tigators who have taken the light of “pure science” 
for their guide, and have done much to enlarge the 
horizon of our mental vision and to expand our intel- 
lectual capacities. 


PRIZES OFFERED BY THE PARIS ACADEMY OF 
SCIENCES FOR 1905. 


Gromerry.—The Franceur prize (1,000 franes), for 
discoveries or work useful for the progress of pure or 
applied mathematics; the Poncelet prize (2,000 francs), 
for work in applied mathematics. 

Mechanics.—A Montyon prize (700 franes), for the 
invention or improvement of instruments useful in the 
progress of agriculture, the mechanical arts or sci- 
ences; the Poncelet prize (2,000 frances), for a work 
on applied mathematics; the Fourneyron prize (1,000 
frances), for a memoir-on the theoretical or experi- 
mental study of steam turbines. 

Navigation.—The extraordinary prize of 6,000 francs 
as a recompense for any work tending to increase the 
eficiency of the French naval forces; the Plumey prize 
2.500 franes), for an improvement in steam engines 
or any other invention contributing to the progress of 
steam navigation. 

\sironomy.—The Pierre Guzman prize (100,000 
lranes), for the discovery of a means of communicat- 


ing ith any celestial body other than the planet Mars: 
failing the award of the capital sum, the interest will 
le swarded every five years for a work important to 
the ogress of astronomy. The Lalande prize (540 


francs), for the observation, memoir, or work most 
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useful to the progress of astronomy; the Valz prize 
(460 franes), and the G. de Pontecoulant prize (700 
frances), under similar conditions. The Damoiseau 
prize (2,000 frances); the question proposed for this 
prize is as follows: there are a dozen comets the orbit 
of which, during the period of visibility, is shown to 
be of a hyperbolic nature. The problem set is to find 
out whether this was the case before the arrival of the 
comet in the solar system, going back to the past his- 
tory of the comet, and allowing for the perturbations 
of the planets. 

Geography.—The Gay prize (1,500 frances), for an 
explorer in Africa who has determined with great 
precision the geographical co-ordinates of the principal 
points on his journey; the Tchihatchef prize (3,000 
francs), aS a recompense or encouragement for natu- 
ralists of any nationality who have most distinguished 
themselves in the exploration of the Asiatic continent, 
more especially in the lesser known regions; the 
Binoux prize (2,000 francs). 

Physics.—The Hébert prize (4,000 frances), for a 
discovery or treatise on the popular applications of 
electricity; the Hughes prize (2,500 franes), for a 
work contributing to the progress of physics; the Gas- 
ton Planté prize (3,000 franes), for a discovery, in- 
vention, or important work in the field of electricity; 
the L. la Caze prize (10,000 francs), awarded in one 
sum for works important in physics. , 

Chemistry.—The Jecker prize (10,000 frances), for 
work in organic chemistry; the Cahours prize (3,000 
franes), for the encouragement of young chemists; the 
Montyon prize, unhealthy trades (2,500 frances and a 
mention of 1,500 francs), for a means of rendering a 
trade less unhealthy or dangerous; the L. la Caze 
prize (10,000 frances), for the best work on chemistry 
during the last two years; the Bordin prize (3,000 
francs), for a memoir on the silicides and the part 
played by them in metallic alloys. 

Mineralogy and Geology.—The Delesse prize (1,400 
francs), for a work concerning geology, or, failing 
that, mineralogy; the Fontannes prize (2,000 francs), 
for the best publication on palwontology; the Alhum- 
bert prize (1,000 frances), for a memoir on the period 
of the last voleanic eruptions in France. 

Botany.—The grand prize of the physical sciences 
(3,000 francs): the question proposed is the demon- 
stration of the various modes of formation and de- 
velopment of the egg in the Ascomycetes and the Ba- 
sidiomycetes. The Desmaziéres prize (1,600 francs), 
for the best work published during the preceding year 
on Cryptogams; the Montagne prize (1,500 frances), for 
work having for its object the anatomy, physiology, 
development, or the description of the lower Crypto- 
gams; the Thore prize (200 franes), for work on the 
cellular Cryptogams of Europe. 

Anatomy and Zoology.—The Savigny prize (1,300 
frances), for the assistance of young traveling zoolo- 
gists, not receiving government assistance, who have 
especially occupied themselves with the invertebrates 
of Egypt and Syria. 

Medicine and Surgery.—A Montyon prize (2,500 
francs and a mention of 1,500 frances), for works and 
discoveries useful in the art of healing; the Barbier 
prize (2,000 francs), for a valuable discovery in surgi- 
cal, medical, or pharmaceutical science, or in botany 
having relation with medicine; the Bréant prize (100,- 
000 frances), for the discovery of an absolute specific 
against Asiatic cholera, or to point out in an irre- 
futable manner the causes of Asiatic cholera, so that 
the suppression of the disease will follow. Failing 
the award of the capital sum, the annual interest will 
be given for a rigorous demonstration of the exist- 
ence in the atmosphere of matter capable of playing a 
part in the production or propagation of epidemic 
diseases. The Godard prize (1,000 frances), for the 
best memoir on the anatomy, physiology, and path- 
ology of the genito-urinary organs; the Baron Larrey 
prize (750 franes), for the best work dealing with 
the subject of military medicine, surgery, or hygiene; 
the Bellion prize (1,400 frances); the Mége prize (10,000 
franes); the Serres prize (7,500 francs), for a memoir 
on general embryology applied as far as possible to 
physiology and medicine; the Dusgate prize (2,500 
franes), for the best work on the diagnosis of death 
and the prevention of premature burial. 

Physiology—A Montyon prize (750 francs), and the 
Philipeaux prize (900 frances), for work in experi- 
mental physiology; the Lallemand prize (1,800 
francs), for work on the nervous system; the Pourat 
prize (1,000 frances), for an essay on the origin of 
muscular glycogen. 

Statistics—A Montyon prize (500 franes), for a 
memoir on French statistics. . 

Among the general prizes offered in 1905 are the fol- 
lowing: the Binoux prize (2,000 franes), for a work 
on the history of science; the Trémont prize (1,100 
frances), the Gegner prize (3,800 franes), the Lan- 
nelongue prize (1,200 francs), the Wilde prize (4,000 
frances), the Saintour prize (3,000 frances), the Petit 
d’Ormoy prizes (two of 10,000 frames), all for work 
useful in the promotion of scientific knowledge. Of 
these prizes those bearing the names of Pierre Guz- 
man, Lalande, Tchihatchef, La Caze, Delesse, and 
Desmaziéres are especially mentioned as being awarded 
without distinction of nationality. 


Grease for Arms.—Melt iogether in an enameled or 
galvanized vessel 10 kilos of ceresine, white, first qual- 
ity; paraffine, pure white (melting poiht40-to 45 deg. 
C.) 3 kilos; and white vaseline oil (0.880 to 85) 37 
kilos, with moderate heat; remove from the fire, let 
cool, and fill in tins while lukewarm,—Ch, Tech, Fab. 
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THE NEW POLITICAL ECONOMY. 

In his address as retiring president of the Ameri- 
can Association for the Advancement of Science, Car- 
roll D. Wright made it perfectly evident that science 
has accomplished more in reducing to the minimum 
the dogmas of older economists, notably the Malthu- 
sian theory, than all other forces combined: 

Transportation and telegraphy, by which famines 
are avoided or minimized, by which the markets of 
the world are known every day, are the direct result 
of scientific discovery and of the application of the laws 
of nature. In the light of present-day conditions there 
is little place for either the theory of the pressure 
of population upon the food supply or the theory that 
labor is the basis of all values. We are now having a 
wheat crop of nearly 800,000,000 bushels, a corn crop 
of nearly 3,000,000,000 bushels, an oat crop of close 
upon 1,000,000,000 bushels, and other crops in propor- 
tion. This is for our own country alone, and it gives 
us the privilege of feeding the world and of relieving 
it of the fears of starvation or of the conditions of 
abject poverty. The law of diminishing returns, 
through scientific discovery and investigation, has 
been so tar modified as to invalidate largely its rela- 
tion to the Malthusian theory of population. All the 
great forces of nature are brought into play, and 
through the ingenious contrivances of man supply the 
forces by which the law of diminishing returns is 
modified. The factory itself is a scientific structure, 
involving the highest mathematical skill. Through 
the application of new principles in agriculture science 
overcomes the influence of the seasons by preserving 
products, by equalizing prices, and by all the other 
means by which the nations of the world are brought 
into closer contact. 

Mr. . Wright outlines the following sociological 
results of the constant effort on the part of science to 
overcome natural laws: 

Congested cities are being relieved of their conges- 
tion, and the great suburban population, the finest in 
the: world, is recruited from the congested districts 
and from the country. Through sanitary discoveries, 
and through many other elements which are the di- 
rect result of scientific processes, we are reducing the 
power of disease and delaying the time when one 
ceases to exist. Rapid transportation and the great 
lines of transportation are facilitating the accom- 
plishment of these wonderful and desirable results. 
They are reducing the possibilities of war by increas- 
ing its severity; they are making the products of one 
clime familiar to all climes; they are diffusing intelli- 
gence and making all people acquainted. Political 
economy has a vaster field in massing the facts which 
pertain to this broad branch of its grand science than 
it has as yet occupied. Growing out of this will come 
a saner and more rational treatment of the power of 
machinery in its effect upon the employment of the 
people. 

In the whole field of sociology, involving crime, 
charity, benevolence, labor questions, and all remedial 
efforts on the part of society, Mr. Wright insists 
that we need a new method of treatment. 

There is such a thing as scientific charity, which is 
immediately concerned with the economic welfare of 
the people. The great questions of insurance—how to 
remedy or provide for the economic insecurity whicn 
belongs to the present wage system, the compensation 
of workingmen for accidents, and everything of the 
kind—must be the subject of treatment by political 
economists. They will need all the science of the actu- 
ary, all the skill of the statistician, and ail their own 
power of analysis. You may ask what can be done in 
these respects. The official statistician, who, as I have 
said, is the ally of the political economists, and who 
recognizes the scope and the necessity of all that is 
taught in orthodox political economy, also recognizes 
the need of the further application of economic 
analysis in the use of the data he collects. He cannot 
study these questions except from the statistical point 
of view. His duty is to collect, classify, and publish 
facts relating, to the conditions of the people. Their 
economic interpretation must be, and largely too, the 
work of another class. Prof. Simon Newcomb, in a 
tentative way, has made some suggestions along these 
lines. These suggestions have been submitted to the 
Carnegie Institution of Washington, with the hope that 
that institution may effectively promote not only re- 
search in the exact sciences, but the analysis of data 
that are now in existence. 

Mr. Wright urges America, if she desires to occupy 
the place England is vacating, to take lessons of her 
mother, profit by her mistakes, and advance her scien- 
tific understanding to economic truths and principles. 

The old school has been content to teach the laws 
that regulate the production, distribution, and ex- 
change of wealth, and these laws have in large meas- 
ure, and wholly until more recent years, constituted 
the science of political economy. It has studiously 
avoided all other matters, and, in the endeavors of its 
devotees to constitute it a science, has taken no cog- 
nizance of the conditions which, favorable or unfavor- 
able, must attend the participators in the production, 
distribution, and exchange of commodities. It has been 
content to limit itself to things and their relations to 
individual and national wealth, more particularly the 
latter, rather than to include in its sphere of creed the 
vital relations of men. It is most gratifying to know 
that our modern economists are recognizing the weak- 
ness of our old doctrines. .They are recognizing the 
necessity of more scientific treatment. of an analysis 
of conditions, of an interpretation of facts and ob- 
servations in considering the great wants of the pres 
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ent day 
must 


Political economy, like theology and religion, 
change with the thought of the age; it must 
change as industrial and social conditions change; it 
must seek to ally itself with all the great sciences. 


ON SEA CHARTS FORMERLY USED IN 

MARSHALL ISLANDS. WITH NOTES 

THE NAVIGATION OF THESE ISL- 
ANDERS IN GENERAL.* 


By Carr. WINKLER, of 


THE 
ON 


the German Navy 
Winkier, of the German navy, succeeded in 
obtaining these explanations of Marshall Islands sea 


SCIENTIFIC 


patience and untiring effort were rewarded by a tairly 
complete knowledge of the so-called charts. 

As the islanders are beginning to use European 
methods of navigation and to discard their own, the 
knowledge of these charts will probably disappear 
within a few years. As a matter of fact, Capt. Wink- 
ler’s difficulty lay not so much in getting the natives to 
talk, but in finding one who thoroughly understood 
the charts himself.—Eb.] 

The charts consist of a system of little sticks tied 
together, with shells fastened on them at different 
points. The mussels represent neither determined nor 
undetermined islands. The sticks are designed chiefly 
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to me), and the course of these in their contact wi 
the islands. Moreover, the various sticks indicate | 
visible distances of the islands, as well as other k 
useful in sailing. Before proceeding to the descr; 
tions, it is necessary to give the meaning of certa 
native terms. In describing the charts, I shall gi 
the Marsnall Islands expressions as they were told 
me by the chiefs. 

Careful scientific study may lay some of the + 
planations open to dispute. I wish to emphasize th 
| advance no theories of my own, but merely repe 
the explanations as | heard them. Any errors ths 
have crept in, despite the greatest care, I hope will 
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charts, in 1896 and 1897, while on two cruises among 
these islands. It was with the greatest difficulty, and 
only after repeated failures, that Capt. Winkler’s 


* Translated for the Smithsonian \nnual Report from Marine-Rund- 
echau, Berlin, 1898, pt. 10. pp. 1418-1459, with plates from the United States 
National Museum and other collections, 


to bring to view the direction of the principal swells* 
(not currents, as it Was at first erroneously explained 


* Capt. Winkler uses the word “ Diinung™ for the special water con- 
ditions noticed by the chiefs. There appears to be no English equivalent, 
but the word evidently means the great swells as they adapt themselves to 
the configuration of the islands, 


discovered and corrected by those who are interested in 
the data here given: 

The native words to be used are: 

1. Rilib, in English, “backbone.” It signifies the 
eastward swell. The line of direction is indicated by a 
curve, with the explanation that in coming against 
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the swell is arrested through the heaping 


= water at a certain distance from the island, 
whe he swell beyond would be forced or curved 
inw rhe rilib is quite worthy of note all the year 
rou! is the strongest swell in the Marshall Islands. 

2 i» is the name for the western swell. It can 
be s hroughout the year, but as it is not as strong 
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to the remarkable swell on the western side of the 
island, extending from the northern angle to the north- 
west, arising from the breakers of the rilib. When 
one gets therein, he perceives that he has missed the 
island and is trending to the northwest. 

8. Nit in kot, “a hole,” meaning that the navigator 
is in a cul-de-sac, and must go back. It corresponds 
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13. Ei in Kabin do, “current before a passage,” means 
the opposing current flowing out of the lagoons of the 
reefs and atolls caused by the movements of the tides. 

(To be continued.) 


Tne PONDERABLE Emission.—R. Blondlot has tried 
whether the polish of a metallic surface has any effect 


MARSHALL ISLANDS CANOE, SHOWING PLATFORM AND 


OUTRIGGER. 


as rilib, it is very difficult for an unpractised person 
to detect it. 

3. Bungdockerick, “coming from the south,” the 
southern swell, which arises in the southwest passage 
region. It may be seen throughout the year, and is 
quite as strong as the rilib, especially in the southern 
part of the group. 

4. Bungdockeing, “trom the north,” the northern 
swell. It exhibits itself most strongly in the northern 
part of the group. 

5. Boot, “a knot or node.” It signifies the point at 
which the swells, diverted by an island, cross one un- 


other. Near every island also there exists a continu- 
_ eries of boots, which play a most important réle 
sailing. 

§. Ukar, “root,” the continued, series of boots. When 
you ve found the first boot, then you can reach the 
islan by following the okar. 

‘. ‘olok, “something lost,” here with the meaning 
that u are out of your course. The term is applied 
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to the rolok running from the southern point of the 
island to the southwest. 

9. Jur in okme, “stakes,” meaning that there is an 
obstruction in the way. It is the swell arising from 
the breakers of the kaelib, running from the north and 
the south points of the islands to the northwest and 
southeast. 

10. Ai, “foam,” the different observation distances 
from an island. 

a, Dijellad-ai, the distance at which palm trees may 
be seen from the mast of a canoe, estimated at about 
ten nautical miles. 


b. Eged-ai, the distance at which an island may be 
seen from a canoe, about fifteen miles. 

ce. Djug-ai, the distance at which land is no longer 
visible. 

11. Rear, “the east,’ not the magnetic direction, but 
that from which the rilib comes. For rilib the follow- 
ings terms are also used: 

12. No in rear, means “sea from eastward.” 
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upon the ponderable emission obtained from it. He 
finds that if a silver coin is polished it absolutely 
ceases to emit the finely divided matter which af- 
fects the phosphorescent screen. If it is then heated 
to 100 deg. in the open air for a few minutes and al- 
lowed to cool, it again gives off the emission indefinite- 
ly. The same phenomena are presented by pure silver, 
by copper, mercury, iron, zine, and bronze coins. In 
the case of lead, however, the behavior is reversed, 
for a polished or freshly-cut piece of lead gives off the 
emission, whereas a tarnished piece of lead does not. 
The platinum metals, gold, dry glass, fused sulphur, 


plaster and chalk are inactive; but a large number of 
liquids are active, such as tap water, salt water, pure 
sulphuric acid, glycerine, vaseline oil, alcohol and, 
generally, all odorous liquids. .The author agrees 
with Berthelot that the emission may be due to very 
feeble chemical reactions produced at the surface of 
metallic bodies or to the volatilization of certain con- 
stituents.—R. Blondlot, Comptes Rendus, July 4, 1904. 
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EXPERIMENTAL ELECTROCHEMISTRY.* 
No Horkins, Ph.D 
\ ant VProtessor of Chemistry in the George 
Washington University, Washington, D. C 


Copyright 145 by Mann & Co 
SINTIE PAPER 
Faradays Lau 
intinetion Between Current Required and Energy 
\bsorbed Experiments to Show Mechanical 
Movement of Material 


Tuk idea oecurred to Faraday to send a current 


hrough everal electrolytes connected up in series 
ind to make weighed comparisons of the materials 
eparated by the same current in a given time In 
“So. the result of Faraday’s most important and valu- 


ible work was framed into the following law by H 
Von Helmnolt 

Vive “ame quantity of electricity passing through 
in electrolyte either sets free. or transfers to other 
ilways the same number of valencies 
Faraday lecture” delivered 


ombinations 

Von Helmholt in his 
n London, on April 5, 1881, laid the foundation of 
vow electrochemical theory which explains the facts 
embraced by Faraday’s law rhe most important of 


ese facts may be stated in this sentence 

Every single valency of an elementary or compound 
on is charged with exactly the same quantity of posi 
ve or negative electricity, which behaves as if it 
vere an electrical atom that cannot be further di 
dled 

\s the work of Faraday is of such great moment in 
heoretical and practical electrochemistry, the actual 
ords of Von Helmholtz are given. the author believ 
ne that the facts as learned by Faraday are among 
he first. If not the most important of all here record- 
il The words used by Von Helmholtz are these, as 
translated by M. M. Patterson Mut 


the definite quantity oeither negative 
1\ nerve tiwas with inivatent ion, or with 
ery nit of affinit multivalent ion, and accompanies it 
turing all it notion hrough the interior of the electrolyth 
id 
Phi the electri harge of he atom 
‘ ‘ mt the lwpothesis tha hie lementars ubstances 
ta m mn iveid concluding hat 
vel divided inte cdetinite 
ement \ vhi whave ike «af lectrberty 
\ " ' n ele olytic thiid, each ton 
min ited rit equivalent, or equivalents 
\ lie ‘ecompesition can ake 
i ufficient ectromotive ores ind hen 
on ff heir eleetri harue nel become electrically 
From thi vork the valuable table ot electrochemt 
al eg alents was compiled. which is of the utmost 
no all practical electrochemical work Phe 


iefinition of an electrochemical equivalent being capa 


ble of expression in everal wavs t hould be care 


fully studied and appreciated If the quantities of all 
ions Which stand to one another in the relations of 
their combining weight irry equal quantities of eler 
tricity, it will at once be appreciated that it is of great 
cientific importance to know the exact amount of elec 
tricity which a unit quantity of ions will carry. This 
m be determined by passing a given quantity of elec 
tricity through a solution of an electrolyte, and weigh- 
ne the amount of metal deposited upon the cathode, 
or measuring the amount of gas liberated, and calcu- 
ating its weight from its volume. This has been done 
ery carefully by Lord Rayleigh and Mrs. Sedgewick, 
who found that one coulomb of electricity deposits 
1.11179 milligrammes of silver. W. and F. Kohlrausch, 
vorking with equal care, found under the same con- 
litions 1.11188 milligrammes. The mean of these fig 
tres is LILIS! milligrammes. A more recent determi 
nation of the electrochemical equivalent of silver by 
Hichards, Collins ind Heimrod gives 1.11172 milli- 
A still 


more recent determination by Patterson and Guthe 


‘rammes of silver as equivalent to one coulomb 


tives the slightly larger value of 1.11192 milligrammes 
ix equivalent to one conlomb. This agrees with the 
mean result obtained by Pellat and Portier, and is 
very close to the number obtained by Kahle, 1.11198 
The mass of the ions taken is purely arbitrary. Here, 


i in so many other cases, it is convenient to use 
he gramme-molecular weight for univalent, and the 
sramme-equivalent weight for polyvalent ions For 


il practical purposes the electrochemical equivalent 
of silver, which is usually referred to as a standard for 
lelermining the other values for the other elements, 

et down as the traction ot @ gramme as equivalent 
0.0011193 gramme, The atomic 
weight of silver in terms of oxygen 6, is 107.93. 


one Thits 


h ordet Oo separate a gramme-atomic weight of silver 


t will require, using W. and F. Kohlrausch’s mean of 


107.98 


WOTTLSI 96,530 coulombs of electricity 
WOULTISI 
This number of coulombs, 96,530, as will be seen, will 


eparate the grammeatomic weight of any univalent 


ind is somerimes called the clectrochemical 
quivalent of electricity. The tact may be stated thus 
One hew al equivalent of any electrolyte expressed 
drammes requires the passage of 96.530 coulombs for 
electrolysis 96.530 coulombs, there 
we apahle litherating tite hemical equivalent 
inu electrolyte 
This is an exeeedingly important constant for us 
remember mn our practical work. This number 
tries in value a trifle according to different investi 
satol ind will be encountered as 96,540. et« In 
he accompanying table the chemical equivalents ol 
ome of the most important elements are given The 
ident must not confound a chemical equivalent with 
il fo AMERICAN SCPPLEMENT 
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an electrochemical equivalent These terms must be 
clearly separated in his mind, or else he will be con 
tinually getting into confusion. A chemicai equivalent 
is simply the atomic weight of a substance divided by 
its valence The atomic weight of oxygen being 16 


and its valence 2, the chemical equivalent of oxygen 


would be & Oxygen 16 Chemical equivalent 
16 2 
\.W | A.W 
7.4 
AV” | Pty’ 103.45 
2 valence 
Br. Me L218 
2 
ear | Mn 27.5 
2 
wel 
Ca’ | 208.35 
2 i 
2 
wt 14.01 
, 2 
15 
197.2 107 
\u 6.73) Ag 
1 
1.008 23.05 
it 1.008 | Nu 23.05 
1 | 1 
| i 
6 
Fe 7.05 | Sr’ 13.8 
, 
18.65 Zu 52.3 


fable Showing Relative Weights of Bodies Liberated 
by a Common Electric Current 

In the following table the electrochemical equiva 

lents of some of the most important elements are 


Fig. 1.—Simple Apparatos for Experimentally Demonstrating Faraday’s 
Law. A. Hoffmann Apparatus. B,C. D and E, Celis Containing Electro- 
lvtes and Electrodes. F. Delicate Ammeter, 


siven By dividing the atomic weight in the second 
column by the valence in the third column, the chemi- 
cal equivalent given in the fourth column is obtained. 
\nd this number multiplied by the electrochemical 
equivalent of hydrogen in microgrammes per coulomb, 
gives the electrochemical equivalent of the ion in the 
fitth column, also in microgrammes per coulomb. The 
numbers in the sixth column are the reciprocals of 
those in the fifth given in grammes. The electrochem- 
ical equivalents of compound ions, such, for example, 
as the univalent radical, hydroxile. OH, and the bi- 
valent radical SO,, are similarly obtained, the chemical 
equivalent of such a radical being the sum of its com- 
ponent atomic masses divided by its valenee 


Electrochemical 
equivalents. 


= 
Element. z 
= 
Ist ith 
Hydrogen, 
Oxygen 15.0" 4 
Chiorine 0.37 
Nitrogen 14.01 ; 
Aluminium. 
Leu 206410 
Zine (4.88 
Nickel 58.00 » 
Mereurys 2 
Mercury 
Copper 
Copper 1s ! 
Silver 107.70 


This table brings out the beautiful truth of Fara- 
day's law, and forcibly indicates the great value of the 
facts he was able to point out as a result of his famous 
nvestigations Let us experimentally test Faraday’s 
law in the laboratory, and put down our results. For, 
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this purpose we will set up a piece of apparatus wi 
five different electrolytes in series, and weigh t! 
cathode products liberated by the same current flow 
Experimental Demonstration of Faraday’s Law 
Referring to Fig. 1, we have at the left a Hoffma: 
apparatus, A, for the electrolysis of solutions yieldi: 
saseous products at the electrodes. The gases libe 
ated escape into the two tubes and press the soluti: 
up into the reservoir by the central tube. By openi: 
the stopeocks at the tops of the two side tubes co 
taining the gases, the weight of the solution in t! 
reservoir will force the gases out, when they may 
coliected in a most convenient manner. Hydrogen, f 
example, may be burned as a jet, after electrolyzii 
a dilute solution of sulphuric acid, or as we learn: 
in the first chapter, by electrolyzing a solution of j» 
tassium or sodium hydroxide. Oxygen and hydrogs 
will be liberated in such a piece of apparatus in 1} 
ratio of two volumes of hydrogen to one volume « 
oxygen whether we use dilute sulphuric acid, or 
sodium, or potassium hydroxide solution For 1} 
present demonstration of the law of Faraday, we wi 
fill the Hoffmann apparatus with a dilute solution « 
sulphuric acid in distilled water, in the proportion « 
about 1 to 10. In the cell, B, we will place a conce: 
trated neutral solution of silver nitrate in distille: 
water. In the cell ( we will place a solution « 
cuprous chloride which may be made by dissolving 
few grammes of the salt in hydrochloric acid afte: 
having washed it carefully on a filter paper with warm 
distilled water. In the cell D we will place an ele: 
trolyte consisting of copper sulphate slightly acid 
lated with nitric acid. In the cell EF we will use a 
solution of stannic chloride, best prepared in the fo 
lowing maner: Take of stannous chloride crystals 
1.000 grammes: hydrochloric acid, specific gravily 
1.125, 1.170 cubic centimeters; nitric acid, specific gray 
ity 1.220. 435 cubic centimeters; and distilled wate: 
1.000 cubie centimeters. Put the stannous chloricd: 
into a 12-inch evaporating dish, and add the 1,17 
cubic centimeters of hydrochloric acid; warm on thie 
steam bath, and stir until the salt is dissolved. Then 
dilute with one liter of hot water. If the solution does 
not remain clear, there is a deficiency of hydrochlori 
acid, in which case add very concentrated hydrochloric 
acid, a few drops at a time, until the solution becomes 
clear. Add the nitric acid, a few cubic centimeters at 
a time, to the warm solution, stirring well after cach 
addition. After a considerable part of the nitric aci! 
has been added, test a few drops of the solution wit! 
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Fie. 2.—Constrnction of Silver Voltameter for the Measurement of ( ur- 
rent Flow in Coulombs. A. Top View Looking Down into Cell, B. Eni 
View. C, Side View. 


a drop of mercuric chloride solution. If a white pre- 
cipitate falls, stannous chloride is present, and more 
nitric acid is needed. When no white precipitate fal! 
the oxidation is complete, and no more nitric acid 
should be added. Put the liquid product into a tight|y 
stoppered pottle. The cathodes of all the cells are ‘o 
be of platinum, but we must have a silver anode in 
the silver nitrate solution, and copper anodes in both 
of the copper solutions. The anode in the tin solution 
may be of platinum. It is needless to say that both o! 
the electrodes in the Hoffman apparatus are of plat! 
num. These five electrolytes are now all connected in 
series with a delicate ammeter, as shown, and (li 
terminal wires run to a storage battery or such a 
motor-generator as described in the first chapter. Tl 
electrolysis may be allowed to proceed for any lenz'h 
ol time within the capacity of the Hoffmann appara! 
The longer the run the better, the errors in weighin¢ 
a decided increase in the respective cathodes being |«>s 
than in weighing a slight increase. In this system \*« 
will have hydrogen liberated, the monovalent elem«ut 
silver, the monovalent copper, the divalent copper, «1 
the tetravalent tin. If the experiment has been «li- 
ducted without error and losses, we will have for cach 
gramme of hydrogen liberated, 107.93 grammes 0! 
silver, 63.6 grammes of copper in our monovalent © °)) 
per electrolyte, 31.8 grammes of copper in our di.a! 
ent copper solution and 26.75 grammes of tin from 
tin solution. The following table shows the resu’ 0! 
a carefully conducted experiment with the five ele: ro- 
lvtes described above: 


| | 
Weight of deposit) 63.5G B145G | 28.2 
referred to 1G. H. Ag Cw’ cu” = 
Atomic weight. 107 m6 
Here we can see that the monovalent elements a 
rate in proportion to their atomic masses, the di nt 
elements in proportion to their atomic masses | ed 
by two, the tetravalent element in proportion § 
atomic mass divided by four. The beauty of tt 


is very striking, and it may be said that Far 
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aw .uoWs no exceptions. There can be no electrolytic 
con iction without the corresponding setting free ot 
sul ances in the ratios of their chemical equivalents. 
\s siiall see presently, we have ample proof of mcv- 
ing ourticles, or an actual mechanical transfer of mat- 
ier hen an electric current is passed through an elec- 
7 ( In view of the mechanical transfer of matter, 
ex} riments were conducted upon electrolytes under 


hes pressure to learn if Faraday’s law held true 
une or such conditions At first it was noted that 
the lectrical conductivity was increased In other 
we > more current passed through the electrolyte 


iha Was accounted for by weighing the cathodes. As 
a batter of fact the method of conducting the experi- 
mie was faulty. The pressure was put upon the elec- 
iro. te by air, some of which was of course forced into 
ol (ion, and ionizing, carried a portion of the elec- 
iru current. Prof. Nernst and Ostwald, in Germany, 
Faraday’s law most critically by electrolyzing 
soi.iions by exceedingly feeble currents to see if any 
ele icity at all was conducted without corresponding 
quantitative decomposition of the electrolyte. In one 
experiment upon dilute sulphuric acid they caused a1 
exccedingly small amount of electricity to pass—on)) 
H000005 coulomb, They determined the minute quan 

of gas set free and found that Faraday’s law held 
ever for such a small electric current in the large 
commercial electrolytic copper refineries the law has 
heen tested upon enormous scales by the passage ol 
millions of coulombs and found to hold absolutely. 
The law of Faraday in the jiight of the many attacks 
and investigations upon it seems to be one of the 


very tew in chemical and physical science which have 
stood throughout without suffering exception of any 
hind. We have now learned that chemical equivalent 


quantities of all ions have the same capacity for elec- 
freely It is a striking and interesting fact to note 
that this is analogous to the law of Dulong and Petit, 
which states that all atoms have the same capacity 
or heat If we multiply the atomic weights of the 
lements by their specific heats we obtain almost a 
constant, Which number we term afomic heat. The 
following table containing a few elements for the pur- 
pose of illustration is of interest here: 


\ \ Ss. 


Element. Atomic weight. Specific heat. Atomic heat 
Potassium 39 166 6.5 
Calcium 10 170 
Manganese ...... nD 122 6.7 
Tin 118 O54 6.5 
Geld: 197 32 6.5 
Mercury 200 .032 64 
207 031 iA 
Bismuth 200 O50 
Silver 108 056 6.0 


lo this law there are some exceptions, but in the 

majority of cases, we have practically a constant. 
Voltameters. 
Metal and Gas Type. The Silver Voltameter. 

The most accurate instrument tor measuring current 
low is without question the silver voltameter, and is at 
ihe same time the most easily constructed 

ig. 2 will make the arrangement clear. Two com- 
paratively heavy plates of pure silver are joined to- 
vether to make one electrode, between which a thin 
silver sheet forming the other electrode is suspended. 
In the silver voltameter, the very high equiva'ent of 
silver, and consequently the great mass isolated upon 
the cathode by comparatively feeble currents, reduce 
the errors in weighing to-a minimum. There is one 
disadantage in the use of the silver voltameter, how- 
ever, and this is due to the fact that silver tends to 
precipitate out upon the cathode in crystalline form, 
and if the electrolyzing current is strong, some of the 
crystals will form so quickly that they will drop off, and 
introduce errors from this cause. The electrolyte for 
this instrument is of a concentrated, neutral silver 
Hilrate solution. With such an instrument a current 
i ole ampere deposits upon the thin silver cathode 

0.011181 gramme silver per second, or 
0.067166 cramme silver per minute, or 
1.029960 grammes silver per hour. 

With such an instrument in series with an electric 
current, by determining the weight of the cathode be- 
fore and after the run, we are in a position to calculate 


the number of coulombs that have passed through the 
system If we had an absolutely steady current we 
could get at the same thing by putting a correct amme- 
fer in series, and multiplying the amperes indicated, 
by the number of seconds during which the current 
passed, and get the coulombs used. If the strength of 
the current varied, however, this plan would be worth- 


less. With voltameters, of either the metal or gas type, 
he current may vary, flowing at very different rates 
ina civen time, but the weight of the cathode will give 
the ie number of coulombs regardless of such fluctua- 
tions 


The Copper Voltameter. 


Here we have a simiiar construction, only with plates 
ol pure copper instead of silver ones. The electrolyte 
Cons of a solution of 30 grammes of crystallized 
Chemically pure copper sulphate, dissolved in 200 


franiines of distilled water, to which 5 grammes of 
chemically pure concentrated sulphuric acid is added, 
and ubie centimeters of ethyl alcohol. Such an in- 
‘Irttvent is inexpensive and is adapted to the most gen- 


eral quirements. The copper voltameter can be left 
in © cnit with work through great lengths of time 
Without fear of losing any copper by falling from the 
eatl The copper will be deposited upon the cathode 
asa intiful, salmon-pink metal. Such an instrument 
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Will answer every purpose as an ampere-hour meter for 
heavy work, if the plates are made generous enough in 
area. With this voltameter a current of one ampere 
deposits upon the thin copper cathode— 

0.00530 gramme of copper per second, or 

0.01970 gramme of copper per minute, or 

1.18100 grammes of copper per hour. 

This will be found the most satisfactory instrument 
for our general work and every student in practical elec- 
trochemistry should set one up for his current meas- 
urements. With very small currents, however, there is 
apt to be a slight error introduced with the use of the 
copper voltameter because of some cuprous oxide being 
deposited along with the copper. If we have at le 
.1 of an ampere following through the instrument, and 
its cathode area is at least one hundred square centi 
meters, there will be no trouble 
from this cause especially 
when the electrolyte contains the 
sulphuric acid and alcohol as 
siven in the above formula. 


st 


The Gas Voltameter. 

In this instrument either di- 
lute sulphuric acid, or a_solu- 
tion of potassium or sodium 
hydroxide may be used, and the 
mixed oxygen and hydrogen 
gases determined by volume. 
Dilute sulphuric acid per- 


Mechanical Transport 
of Matter, haps the best for the purpose, 


and should be mixed in the pro- 
portion of one part of strong 
sulphuric acid to ten or twelve 
parts of distilled water. The 
acidulated water is decomposed 
between two platinum plates, and 
sas collected and reduced to 0 deg. and 760 millimeters 
by the well-known formula for reducing gases to a stand- 
ard for comparison. This type of voltameter is very 
convenient because it does away with al! weighings. 
The volume can be read, and by means of tables, when 
the temperature has been taken, the gas volume can be 
quickly reduced to a standard. This instrument is not 
quite as accurate as the copper voltameter, and, more- 
over, requires about two volis of electrical pressure to 
drive a current through it. If we are using a storage 
battery or the motor-generator we must take into con- 
sideration the two volts required by such a voltameter 
in making any calculations. To use the voltameter the 
water in the vertical measuring tube should first be 
saturated with oxy-hydrogen gas, by allowing it to fill 
about half full, and then disconnecting and shaking. 
with the thumb or a stopper closing the end of the 
tube. With this type of instrument an ampere flowing 
liberates— 


Fig. 5.—Electrolysis of 
a Solution of Chloride of 
Zinc, Showing the Rapid 
Growth of a * Zine Tree” 
and the Liberation of 
Chiorme as Indicated by 
is Bleaching Action. 


0.1740 cc. of oxy-hydrogen gas per second, or 
10.4400 ce. of oxy-hydrogen gas per minute, or 
626.4000 cc. of oxy-hydrogen gas per hour. 


The above volumes are at 0 deg. and 760 millimeters 


AMERICAN SUPPLEMENT No. 1519. 


24545 


num cylinders, one forming the anode, and the other 
the cathode. The large bell jar, B, allows of a long 
run before it is necessary to stop and measure the gas 
volume. The bell jar may be graduated for rough work, 
hut for close work the gas must be transferred to a 
more delicate graduate and reduced to standard condi 
tions. Now we have just learned that the same cur 
rent will deposit upon the cathodes of electrolytic cells 
in series, chemical equivalents of the elements as well 
as chemical equivalents of compound ions, Chemical! 
equivalents of all bodies are therefore liberated or de- 
posited by the same current Is the absorption of 
energy the same in these different cases? It is not, 
and the experiment illustrated in Fig. 4 has been de- 
signed by the writer to bring out this most important 
point Let us place three different electrolytes in the 
cells and and connect across the electrodes iu 


Fig. 7.. Experiment with Frozen Electrolytes, The “Vi Tube at ihe 
Left cf the Drawing Contains the Solution to be Frozen and is Immersed 
ina Beaker Containmg the Freezing Mixture, Indicating Galvanometer 
in the Center, Storage Battery at Right. Three Cells of Battery at Least 
are Necessary in this Experiment, or Else the Lamp Bank in Chapter 1. 


each case a delicate voltmeter to indicate the fall of 
potential in each cell. Although the coulombs passed 
will of course be equal in each cell, because they are in 
series, and the metals will be deposited in the ratio 
of their chemical equivalents, the number of joules ex 
pended in each cell will be different. Those of us who 
have studied electricity will know that the joule is the 
unit of electrical energy, and is the product of the am- 
pere, by the second, by the volt. As a coulomb is the 
product of an ampere by a second, we may say that 
the joule is the product of a coulomb by a volt. It is 
not the intention of the author to go into the reason 
for unequal absorptions of energy in different electro- 
lytes until the next chapter, when the matter will be 
fully dealt with. It is, however, the wish of the writer 
to impress upon the student that there is a difference, 
and that its explanation, as will be learned later, is in 
accordance with the doctrine of conservation of energy 
and a point of great beauty in electrochemistry With 
an arrangement of apparatus as indicated in Fig. 4 
therefore, we would be able to calculate by means of the 
“as voltameter in series, the number of coulombs which 
have passed through the system, and by the respective 


we 
A 


Fig. 3.—Approved Form of Gas Voltameter tor Electrolyte, 


the Measurement of Current Flow in Coulombs. 
The Student Must Not Confound the Word Voit- 
micter with the Word Voitmeter, 


| 
} | 
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Fig. 4. Gas Voltameter and Large Collecting Jar in Serics with Three Electrolytic Cells 
Equipped with Voltmeters, A. Easily Constructed Gas Voltameter, Bb, Collecting Jar. C, D and 
ki. Electroivtie Cells with Voltmeters for Determining the Electrical Energy Expended in Each 
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Fig. 6.—Simple and Easily Performed Experi- 

ment to Show Mechanical Transfer of Matter 
Through Solid Glass A. Bunsen Burner, B. Fig. 8.—Apparatus to Show Heat Convection in Electrolytic Conduction, A and B are Calon 
Solid Rod of Glass. (©. Milli-Ammeter to Show meters Made from Muff Boxes Lined with Heavy Hair Felt. Beckman Thermometers Dip Into 
Conduction of the Electric Current. “T ’ Connections in the Glass Tube Containing the Electrolyte. 


pressure. The vertical tube for collecting the gas is 
best graduated direct into cubic centimeters, reading to 
tenths. Such a gas voltameter must be ordered trom 
one of the chemical supply houses unless the student is 
an expert glass blower, but one answering every re- 
quirement can be quickly made in the laboratory with- 
ovt the art of glass blowing, as illustrated at A in Fig. 
{. Here we have a glass cylinder fitted with a tight 
stopper (the whole suecess of the apparatus depends 
upon its being tight), containing two concentric plati 


readings of the voltmeters across the electrodes ot the 
respective celis, we would be able to determine the 
amount of energy absorbed in each. So much upon this 
point for the present. It was stated that we would have 
introduced in connection with Faraday’s law experi 
mental evidence proving that the passage of an electric 
current through an electrolyte was accompanied by an 
actual mechanical transfer of matter. A very simple 
and a very beautiful experiment may be quickly per 
formed which goes to show the transport of ponderable 
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material \rrange a large “U" tube, as illustrated in 
Vig. 5, with stoppers and platinum electrodes. Through 
one stopper bore a small hole to receive a little bent 
ftlass tube as shown Make a concentrated solution of 
ine chloride in distilled water to serve as the electro- 
Ivte \rrange the tube in series with our lamp bank 
and electric lighting circuit as deseribed in Chapter 1, 
and throw in one or two lamps. The zine will immedi- 
ately begin to grow in the form of a beautiful metallic 
tree and chlorine may be detected at the little bent 
lass tube over the opposite pole. -There is optical evi- 
dence that we have an accumulation of metal at the 
cathode, and evidence of an equaily striking nature that 
we have chlorine at the anode In the drawing the 
leaching action is shown upon a piece of calico. What 
is taking place at the bend in the bottom of the tube, 
however” Have we mechanical movement there? We 


have been led to believe that we have chlorine ions 
moving in one direction, and zine ions moving in the 
other Is it true, and is there any experiment to prove 


it? The author has designed three to furnish evidence 
in support of this, and are here published for the first 
time. The first of the three experiments is illustrated 
in Fig. 3 Although class is always stated to be the 
best electrical insulator known, it occurred to the writer 
that its constituents could carry the electric current if 
the ions were only tree to migrate In other words 
class was regarded by the writer as being a solid elec 
trolyte. Ordinary glass, as is well known to the gen 
eral chemist, consists of silicon dioxide fused with cal- 
cium and sodium carbonate. Ordinary glass is therefore 
silicon-dioxide glass Bohemian 
dass is made with potassium carbonate, and flint glass 
is made by melting together lead oxide, potassium car 
bonate, and silicon-dioxide, while Strass is a species of 
vlass very rich in lead. We have, as may be seen, all 
the ions necessary to carry electric currents if they 
were only free to move about. To test this point little 
rods of solid glass ot the different varieties were solt 
ened and platinum wires run into the ends to a dis- 
tunce of about a centimeter. The little rods were cut 
about three centimeters long, so there was in each case 
an “insulating gap” of about a centimeter between the 
ends of the platinum wires \ glance at the figure 
hows such a little glass rod with the platinum wires at 
Bh. A delicate milliammeter is joined in series with the 
platinum wires and our lamp-bank (not shown in the 
illustration), when of course no detlection is shown 
upon the indicating instrument because glass is an in 
sulator, Now bring a Bunsen burner, A, under the glass 
rod and heat it up gradually. As the glass begins to soft 
en and tlow, the milliammeter begins to show condue- 
tivity With the softening of the class, therefore, the 
ons are free to travel. This is a very pretty and con 
vineing experiment when performed with a large-scale 
ammeter so a large class may see the deflection of the 
needle in a large hall. It is of interest at this time to 
point out the fact that all electrolytes, when in solution 
in water, conduct better when heated up. This is just 


the reverse with metals and alloys 
Experiments with Frozen Electrolytes 

What will be the effect upon the movement of ions 
by freezing an electrolyte? This question presented 
itself to the writer, and not coming across records of 
any experiments with frozen electrolytes, or any theo 
retical discussion of the same, it was decided to investi- 
vate the matter experimentally According to our ionic 
migration, or convection theory of electricity through 
ubstances in solution, the conductivity of an electro- 
Ivyte should cease or approach zero value, when frozen. 
When the medium containing the ions is frozen solid 
will the conductivity actually cease? Will the ions 
move freely through as before; or can they be forced 
through at diminished velocity The writer has made 
numerous experiments upon the physical properties of 
ice, and has found it to be viscous-like in behavior 
This property has also been demonstrated by Prof 
ryndall, and by Prof. Agassiz upon a tremendous scale 
in their studies of the Swiss glaciers. lce can be beat, 
twisted, and pressed into molds, and be made to flow 
under pressure tike semi-molten glass. The ions in a 
frozen electrolyte, therefore, should be in a measure 
free to move slowly when subjected to an electric cur- 
rent Let us look into the facts of actual experiments 
Fig. 7 shows a simple arrangement for experimenting 
with frozen electrolytes The following experimental 
work embraced the freezing of a dozen or more solu- 
tions, including, NaCl, KCl, HCl, H.SO,, K.Cr.0., KI, 
ote and, in every instance, with an ordinary ammeter 
in series the current appeared to be completely stopped 
when the solvent containing the ions was solidified. The 
temperature in each case was well below the freezing 
points, the solutions frozen being very dilute, not only 
for the sake of complete dissociation, but for the com- 
parative ease with which they could be frozen. The 
freezing mixtures consisted of pounded ice and salt, and 
also the well-known mixture of sodium sulphate six 
parts, ammonium nitrate five parts, dilute nitric acid 
five parts. The lowest temperature attained by the use 
of this mixture was 10 deg. C., which was more than 
imple to freeze any of the above dilute solutions The 
plan of conducting an experiment, which is suitable for 
a lecture-room experiment, is shown in the illustration 
and consists of a V-tube of glass fitted with stoppers 
ind platinum electrodes, which may be immersed in 
the beaker containing the freezing mixture \ large 
upright galvanometer is shown in the center, and a cell 
of storage battery at the right One cell of battery is 
sufficient for electrolysis, as will be learned in 


rare:y 
the next chapter when we discuss the energy required 
tor the ectrolvsis of various compounds Our lamp 


bank is well suited for this experiment. As the electro- 
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lyte freezes the pointer of the ammeter or galvanometer 
comes to zero and upon thawing again travels over the 
seale. Thus we get no deflection with an ordinary am- 
meter or galvanometer upon freezing a solvent contain- 
ing ions, even when the lamp bank is used, and we have 
a difference of potential of 110 volts between the termi- 
nals of the system. One might be misled in stating that 
we had a non-conductor just as one is accustomed to 
speak of glass. On going a step further, however, and 
substituting an exceedingly delicate galvanometer or 
milliammeter, a good deflection through the frozen 
electrolyte is at once obtained. Of course it is neces- 
sary to predetermine the freezing points of the solu- 
tions to be experimented upon and to be sure the tem- 
perature is well below the required value to insure the 
absence of any liquid electrolyte. The slight conductiv- 
ity can only be explained on account of the viscous-like 
behavior of ice If ice became a perfect solid it would 
undoubtedly become a perfect non-conductor. The con- 
ductivities of crystals of copper sulphate, iron suiphate, 
etc., were tried and proved to be non-conductors with 
the most delicate instruments, unless fused in a suit- 
able flux, when they of course conducted as usual. A 
erystal is a true solid, It proves to be a true non-con- 
ductor, The passage of an electric current through 
chemical bodies, theretore, must be accompanied by the 
mechanical movement of matter. The third experiment 
to furnish evidence in support of ion transport is de- 
pendent upon heat convection as well as electrical con- 
vection. 


Heat Convection in Electrolytic Conduction. 


The apparatus illustrated in Fig. 8 was designed for 
the purpose of indicating the movement of ponderable 
material of which the ions are composed, through the 
agency of the heat which they may be made to carry 
It was reasoned that if we actually had ponderable ma- 
terial moving through an electrolyte, this material 
couid be made to convey heat as well as electricity, and 
hy the proper design of an apparatus, the method could 
Le employed for determining the absolute velocities of 
ions, although in a rough way, because of sources of 
error difficult to overcome. At the left in the illustra- 
tion is the anode calorimeter, A, containing a T-joint 
receiving the bulb of a delicate thermometer. About 
this T-joint is wound a little coil of platinum wire for 
the purpose of heating the contained electrolyte. This 
little coil is attached to stout copper wires terminating 
in binding sleeves outside the calorimeter, which is a 
pasteboard muff box lined with hair felt. In the 
cathode calorimeter B is a similar T-tube and thermom- 
eter, but without the heating coil. The electrolyte in 
one experiment consisted of dilute sulphuric acid in 
the proportion of 20 cubic centimeters of concentrated 
sulphuric acid to 100 cubic centimeters of distilled 
water. The thermometers employed read from 0 deg. 
to 100 deg. C. in 1-10 deg. divisions. The platinum 
coil was connected to the 110-volt lighting wires 
through a finely graduated variable resistance, allowing 
of a very close control of current and heating effect. 
The following is an account of an experiment conduct- 
ed with the electrolyte referred to 

The anode calorimeter was placed upon a_ higher 
level than the cathode calorimeter, for the purpose of 
preventing simpie convection currents due to the ex- 
pansion of the water molecules within the glass T 
surrounded by the heating coil and traveling by dis- 
placement, etc, The experiment was started by allow- 
ing 0.1 ampere to flow through the apparatus, with a 
potential gradient of 1 volt per centimeter. This cur- 
rent was allowed to flow for three hours, when the 
mercury in the two thermometers appeared to reach 
a maximum reading. It should be stated, however, 
that in a special experiment conducted purely to note 
a special phenomenon, the thermometers continued to 
rise, although at an exceedingly low rate, even after 
three hours, it being found that nine and one-half 
hours were really required before a perfect balance 
between the heat energy supply and the heat energy 
radiation loss through the calorimeters was reached. 
The rate of rise of the thermometers at the end of 
three hours, however, was so low as to allow of an 
experimental determination of the velocity of ionic 
travel. To determine the velocity of hydrogen ions, 
therefore, it is only necessary to replace the ordinary 
thermometer in the cathode calorimeter by an open 
scale Beckmann thermometer of the most sensitive 
type, carefully adjusted to the temperature of the 
electrolyte into which it is to dip, which of course may 
be done from the reading on the ordinary thermome- 
ter. The apparatus is then allowed to stand for an 
additional hour, for the new thermometer to reach a 
perfect equilibrium, when the current is admitted to 
the platinum heating coil, the time being noted at the 
moment of closing the cireuit. In another separate 
and special experiment, the electrolyte in the .T-tube 
in the anode calorimeter A was kept at 90 deg. C. for 
three hours without affecting the thermometer in the 
cathode T-tube but 0.2 deg. C., and this is due to con- 
duction through the glass, and possibly a little con- 
vection in spite of the more elevated anode calorimeter. 
Water conducts itself to a slight extent, so this error 
must be learned and applied as a correction. It will 
be seen that this glass tube is inclosed within a second 
glass tube with an air space around it and the whole 
thing is in turn inclosed in a jacket of hair felt. With 
the experiment under way as described it only re- 
mained to watch for the first indication of a rapid rise 
upon the Beckmann thermometer in the cathode calor- 
imeter. The distance between the two thermometer 
bulbs was 80 centimeters. The hydrogen ions arrived 
in one experiment twenty minutes late according to 
calculations as to when they were due. This tardiness 
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is attributed to the lack of sensitiveness of the the: 
mometer. Undoubtedly the ions arrived on time bu 
it remained for an accumulative action to take plac: 
before there was heat enough to affect the large mas 
of mercury in the thermometer. A thermopile an 
gzalvanometer would have acted quicker. So much fo 
evidence of ion migration and mechanical movement 
We are now in a position to take up electrochemica 
work of a more practical character and will open th 
next chapter with such introduction. 

(To be continued.) 


CONTEMPORARY ELECTRICAL SCIENCE.* 


Evectrric Convection «x Liqguips.—A. Cotton and H 
Mouton report some further studies of the transporta 
tion of ultra-microscopic particles in a liquid under th: 
influence of an electric current. The velocity depends 
upon the dimensions of the electrolytic vessel em 
ployed, but for the same colloid the velocity in the 
central plane of a fairly thick layer is constant. Fo: 
all the liquids studied, which were bad conductors 
the velocity was of the same order of magnitude, being 
between 2 and 4 microns per second. The authors 
point out that the motion of the particles is deter- 
mined by two factors, one of the factors being the 
charge of the particles themselves, usually negative 
while the other is the motion of the liquid in the vi 
cinity of the solid wall, which is already known as 
electric osmosis. Near the walls the latter factor be- 
comes predominant. The authors obtained positive 
colloids by using colloidal iron hydrate, or acidulat 
ing dilute albumen, or adding a basic aniline to an 
emulsion of mastic—Cotton and Mouton, Comptes 
Rendus, June 27, 1904. 

Lire oF Rapium.—A. Voller claims to have obtained 
evidence that the life of radium varies according to its 
concentration, and that when it is very finely divided 
it dies off in a few days. He prepared aqueous solu 
tions of radium bromide having concentrations of 0.1, 
0.01, ete., and spread them on glass plates, which were 
then allowed to dry. The thin radio-active layer thus 
prepared was found to adhere very tenaciously to the 
surface of the glass. The radio-activity was measured 
by the electrometer method, but for the detection ot 
the last remnant of radio-activity the spinthariscope 
was used. The author obtained two results. One otf 
these is that the concentration of the salt increases the 
intensity of the radio-activity. The other result is that 
it increases the life of the radium salt. A 0.00001 so- 
lution of radium bromide spread on a square centimeter 
of glass loses all perceptible radio-activity in about 
126 days. A 10" solution lasts only a fortnight. In 
no case did the author notice a revival of the radio- 
activity, at least none that could be detected with the 
electrometer. A very long exposure still yielded a 
photographic impression, but it was only slight, and 
appeared to be due exclusively to a-rays of feeble 
penetrative power. Discussing these results, J. Stark 
pointed out that the composition of the substance on 
the plate is somewhat doubtful, and it may consist of 
secondary radium rays or of emanation. The trans- 
formation of the emanation into the further products 
of the decomposition of radium might give rise to the 
impression that the radium itself was decaying. 
Nernst recalled the analogy of a very thin film of gold 
deposited upon silver. The deposit after a time loses 
its characteristic color and other optical properties, 
but cannot be said to have disappeared.—A. Voller, 
Physikalische Zeitschrift, December 1, 1904. Paper 
read at the Breslau Scientific Congress. 


Evecrric THeory OF GRAVITATION AND TERRESTRIAI 
MacnetismM.—The conception that the inertia of matter 
and that of electricity must be identical makes it prob- 
able that gravitation has an electric origin. W. Suth 
erland, who recently showed that cohesion and rigidity 
are essentially electric properties of matter, now inves- 
tigates gravitation from a similar point of view. Mat 
ter may be regarded as composed of electrons in the 
form of doublets, whose inertia constitutes the inertia 
of matter. The author determines the attraction be- 
tween two such doublets by tne law of inverse squares. 
He finds that the gravitational constant may be formu- 
lated as follows in the C. G. S. system: 

G= 9 (6 + c) V*/i6 
where a is the radius of the electron, e its charge, } 
the velocity of light, and b and ec are small fractions 
representing the deviation of the attraction or repu! 
sion from the strict law of inverse squares. If this 
formula is to account for gravitational attraction w: 
must have 
’+em 10. 

Gravitation then can be traced to an electrical origi! 
if between two electric doublets there is an outstan: 

ing electric attraction which is of the order 10-" time: 
the force between two of the electrons, one in eac! 
doublet. Ordinary experimental evidence of a diffe: 
ence of this order of magnitude has hitherto been ou 
of the question, but turning to phenomena on the sam 

large scale as universal gravitation in astronomy, te: 
restial magnetism holds out the greatest promis: 

The author has already shown that the earth’s pi 

mary magnetic field can be accounted for by spherice 
distributions of positive and negative electricity withi 

the earth and revolving with it, the negative being © 

the whole nearer to the surface, but by an amour: 

which need not exceed the diameter of a molecu! 

The author works out a theory which leads up to th 

old hydrodynamical analogy of sources and sinks. Th 

only difficulty which results is how to account [ 
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the ence of a strong electric field resembling the 
eal magnetic field—W. Sutherland, Philosophical 
Ma e, December, 1904. 


Concladed from SupPLEMENT No, 1518, page 24330.) 
THE MOSQUITO QUESTION.* 
By QuitMAN Kounke, M.D. 
(OW DO MOSQUITOES TRANSMIT DISEASE? 
Malarial Fever. 
I nalaria is a germ disease no well-informed 
pet \isputes. Even those who deny that the germ 


GROUP OF BLOOD CORPUSCLES, POISON 
GERM IN CENTER. 


is conveyed by mosquitoes, admit that it is found in 
the blood of its victims. , 

There are both animal and vegetable germs of dis- 
ease. The germs of tuberculosis and diphtheria are 
vegetable: those of malaria and yellow fever are 
animal 

The malarial germ is called a plasmodium. You see 
here a group of red blood cells, with a malarial germ 
in the center of the picture. 

The germ is free, having not yet attacked a blood 
cell 

The next picture shows a germ inside of a blood 
cell. 

The germ once inside of the cell multiplies as the 
cell contents are destroyed, and here we see a multipli- 
cation of germs by segmentation within the blood cell. 

The next step in germ growth is the bursting of the 
cell membrane and the liberation of the germs, which 
in turn seek new cells and go through the same pro- 
cess of multiplication and blood destruction, eventu- 
ally causing malarial anemia and the many other 
symptoms, acute and chronic, of this infection. 

The discovery that malaria is conveyed. by a certain 
kind of mosquito was not made in a day, and the be- 
lief in the correctness of the mosquito transmission of 
the disease does not depend on a superficial consider- 
ation only. 

Each link in the chain of evidence has been care- 
fully examined, and the conclusion is firmly based on 
ascertained facts. 

That malaria may be acquired in some other way is 
still held by some physicians, but these are growing 
fewer in number as the subject is further investigated. 

The malaria germ in the human blood multiplies by 
segmentation, and when drawn into a mosquito of the 
Anopheles variety, undergoes certain changes of char- 
acter and form as a sexual animal. Under the mi- 


“HOWING SPREAD OF POISON GERM IN 
CORPUSCLE. 


croscope the changes have been observed and studied, 
a" are now fairly well understood. 
‘me of the germs taken in with the blood are di- 
se-'ed in the stomach of the insect, but others enter 
stomach walls and break through. Here is a pic- 
'-* from a micro-photograph of a mosquito’s stom- 


‘eeture before the American Mosquito Extermination Scciety, at 
mean Institute, West 44th Street, New York, December 15, 1904. 
inke is Health Officer of the city of New Orleans, La. 


ach, showing the germs about to break through and 
get into the general system. The protuberances upon 
what would otherwise be a smooth surface are caused 
by the germs breaking through. 

These germs make their way through the inter- 
vening tissues to the salivary glands of the insect, 
from which they are injected into the blood of the 
human victim, to again undergo asexual multiplication, 

| have prepared a diagram section of a mosquito, to 
show how the germs may be sucked in with the blood 
of a malarial subject, and how they may be intro- 
duced into the blood of another victim along with 


INOCULATION OF A CORPUSCLE WITH 
POISON GERM. 


the saliva and poison, which mosquitoes inject for 
the purpose, it is thought, of rendering the blood 
thinner and more easily obtained. 

The proots that malaria is transmitted by the Ano- 
pheles mosquito are abundant and conclusive. 

In reply to questions, the lecturer stated that yellow 
fever, like diphtheria, kills by toxin poisoning. We 
have discovered an antitoxin for diphtheria, but not as 
yet for yellow fever. Yellow fever never was conveyed 


STOMACH OF MOSQUTTO. 


by filth, and never depended on dirt; it always de- 
pends on the conveyance of the germ by the particular 
mosquito to which nature has given the peculiar char- 
acteristics required for its protection and conveyance. 
It is not consistent with our present knowledge of the 
subject, therefore, to insist on the general sanitation 
of Cuba for our protection from yellow fever. It takes 
five days for yellow fever to develop after infection. 
Aside from microscopic findings in the blood of the 
mosquito and of malarial patients, practical experi- 
mentation has been repeatedly appealed to for con- 


BURSTING OF POISONED BLOOD 
CORPUSCLE. 


firmation, and never without positive results. As an 
example of the kind of evidence obtained in this way 
may be cited the experiments in the Roman Campagna, 
where malarial infection is extensive and virulent. 
Here was constructed in one of the most malarious 
portions of the swamp land a small house, thoroughly 
wire-screened against mosquitoes. The house was oc- 
cupied by a number of people whose movements were 
not restricted, save that they entered the house every 
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evening at sundown and remained inside until daylight 
(the malaria mosquito bit s at night). The supposed 
ly dangerous night air was admitted freely, and, dur- 
ing the rainy season, the experimenters purposely got 
soaked to the skin. None, hovever, contracted mal- 
aria, while their neighbors who were not protected 
from mosquitoes suffered severely. 

Again: To prove that Anopheles are capable ot 
transmitting malaria, infected mosquitoes were sent 
to London from Rome, and one of the insects was 
permitted to bite the subject of experiment. Symp- 
toms of the disease followed the inoculation in due 
time, and a case of malaria occurred in a person who 
was not living in a malarious country, and had not 
visited a malarious region since childhood. The germs 
of malaria were transmitted, in a mosquito, from Rome 
to London. 

Yellow Fever. 

The method of infection in yellow fever is very 
similar to that of malarial infection; with important 
differences, however, as to details. 

The belief that the disease is conveyed by the fe- 
male of the mosquito known as the Stegomyia fasciata 
also rests on experiments and observations, equally 
as conclusive as those relating to malaria and the 
Anopheles. 

Dr. Carroll, one of the investigators for this govern- 
ment in Cuba, says: 

“Natural yellow fever is transmitted by the mos- 
quito, and always and only by the mosquito.” 

We may be sure that such a positive statement was 
not made until after the most searching investigation, 
carefully guarded against error. 

According to the old belief, yellow fever was con- 


ZYGOTES. 


This picture shows the germs on their way to the salivary glands, In this 
form the germs are known as zygotes, 


veyed in much the same manner as scarlatina, diph- 
theria, and smallpox; that is, by personal contact or 
contact with articles infected by the sick. These in- 
fected articles are called fomites, and with regard to 
yellow fever, this term included everything supposed 
to carry infection. Some quarantine authorities in- 
cluded in this class pig iron and stone ballast from 
infected localties. 

The government experiments in Cuba demonstrated 
the harmlessness of fomites by the placing of three 
young American men for twenty consecutive nights in 
a room to sleep upon and under bedclothes soiled by 
previous use in the yellow fever hospital. The room 
was kept moist and warm, and garnished with articles 
taken from fatal cases of yellow fever. Contact was 
as intimate as possible with these supposedly infected 
articles; but mosquitoes were excluded, and no one 
got sick. Similar experiments were repeatedly made 
with the same result 

Subsequently four out of seven of the persons ex- 
perimented upon were infected by means of the mos- 
quito. A room was prepared to exclude all possibility 
of infection by fomites, and infection by mosquitoes 
promptly followed inoculation. 

Yellow fever is conveyed by the Stegomyia fasciata 
mosquito, but the germs of the disease may be taken 
by the mosquito only during the first three or four 
days of the fever; after that time the blood of the pa- 
tient cannot infect the mosquito. The germs require 
about twelve days to migrate from the stomach of the 
insect to the salivary glands, from which they may be 


a 
\ 
og 
4 * x 
— 


‘ ‘ 

injected hrough the mosquito biting organ into the 

human blood ream Mosquitoes atter becoming in 


lectious are capable of inoculating the disease into the 


human at intervals of three days (period of feeding) 


tor practically an indefinite time 


The adaptation of protective measures to this impor 


int discovery rendet the prevention or suppression 
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follow as soon as our city is furnished with 
supply of good and pure water by means 


noe doubt 
the necessary 
of an. efficient 

The fear ot 


water works system 


yellow fever and the desire to prevent 
its recurrence brought about the inauguration of our 
Sewerage and Water Board in 1899, and a tax levy of 
about fourteen million dollars. The mosquito trans 
mission of vellow tever has since been recognized, and 
fever, the de 
important than 
the getting rid of filth, and that the Sewerage and 


we know now that to prevent yellow 


struction of mosquitoes is tar more 
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possible infection, will certainly prevent a second case 
It 
high degree oft 


to attain the 
theory so often de- 


s seldom possible in practice, however 
perfection which 
mands 

lt is practically from mos- 


quitoes every case of fever that might be yellow fever 


impossible to sereen 
and it is impossible, also, to be certain of the destrue 
tion of all infected 
from mild and unrecognized cases of the disease 
The destruevion of all mosquitoes in 


mosquitoes that may have been 


vehicles ot 
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DOUBLE CISTERNS LOCATED AT REAR OF 


DWELLINGS 


transportation—for freight as well as passengers—trom 


infected localities, is far more likely to be 
complete and effective: and the extermination of the 
Ntegomyia mosquitoes in infectible localities would be 
much easier and less costly than the sereening of all 


fever cases, and the destruction of all mosquitoes pos- 


possibly 


ibly infected therefrom 

Dr. Stanford BE. Chaillé, of New Orleans, in a clear 
and logically convincing presentation of the subject to 
a meeting of the American Medical con- 
‘Boards of health, should they 


Association 
cludes that neglect 


any practicable measure of warfare against the Sfeqgo- 


CISTERNS ADJOINING THE HOUSE PIAZZA 


muia, would deserve the severest punishment of the 


worst criminals 


The doctor does not say what should be done to 


legislative bodies who reject the reasonable sugges- 


tions of boards of health on the destruction of mos- 

quitoes 
For the 

plagne, the commencement has 


eradication of the 
made in New 
drainage and sew 
cisterps will, 


permanent mosquito 
heen 
Orleans by the construction of our 


systems. The total abolition ol 


erage 


Water Board, whatever else it accomplishes, will not 
begin to effect the determining purpose of its inaugura- 
against vellow tever——-until it) 
nishes a good water supply, thereby permitting us to 
which are known 
places for the Sfegqoamyia mosquito, and which should 
until they can be abolished in 
favor of a municipal water supply system furnishing 
potable water 

It is estimated that about 
exist in New Orleans, and 

Meanwhile, until our cisterns are destroyed = or 
screened, we must depend on quarantine. This with 
the important co-operation of the U. S. Public Health 
and Marine Hospital protected us, and 
will we hope continue to do so. Quarantine, though, 
will never equal in effectiveness the destruction otf 
mosquitoes in intectible localities 

In quarantine against yellow fever, de- 
struction of mosquitoes is exceedingly important; be- 
ing second only to the detention for five days after 
exposure of those who are not immune. 

These two essentials are indeed the only effective 
quarantine measures against the disease; all else is 
useless and unnecessary 

‘Just to be on the safe side,” however, 
authorities will continue for a 
unnecessary along with the essential 

Our epidemic of 1897 cost us twenty millions, and 
that is a low estimate 

No one can imagine what panic is occasioned in the 
South whenever yellow fever occurs; typhoid can ex- 
ist all over the country, and nobody seems to care very 
much about it, though it kills a great many people 
Yellow fever cannot exist anywhere in the southern 
country without the whole world, apparently, knowing 
it, and taking measures of precaution against it, out 
of all proportion to the seriousness of the disease and 
the danger of its conveyance We do not fear the 
fever, but we dread the unreasonable, oppressive, and in 
many instances commercially-dictated quarantines it 
occasions. 

About six years ago New Orleans was quarantined 
for ten days on account of a case which I believed 
then and | believe now was not yellow fever: it was 
considered as such and was called so, and the meas- 
ures of precaution followed it that would follow a 
case of yellow fever, and commerce was taxed to the 
extent of thousands and thousands of dollars on account 
of a false alarm 

| hope this mosquito question will sweep the coun- 
try from one end to the other, so that those in an- 
thority will act against mosquitoes as they now act 
against scarlatina, against smallpox. and against every 
other infectious disease to destroy the cause 


thon protection 
destroy our cisterns to be breeding 
be screened, therefore 


T5000 of 
very ftew are screened 


these cisterns 


Service has 


measures 


quarantine 


doubtless while the 


Those who consider the mosquito the sole vehicle 
of conveyance for malaria and vellow fever must wait 
patiently until time, study, and expeflence effect a 
change of mind in those who are not yet ready to dis- 
ecard opinions held in respect for so many years 

Each day. almost, adds to the evidence, and the 
time is near when it may be said, with confidence, that 
an epidemic of yellow fever and the prevalence of 
malaria are not visitations of Providence, but proofs, 
rather, of man’s stubborn unwillingness to use the 
God-given intelligent thought in the exer- 
cise of his privilege to obey nature's first law—self- 
protection. 


power of 


Microscopic Reson atrors.— Photographic plates devel- 
oped in Lippman’s process show a change in the tini 
of the transmitted light when the gelatine film dries 
up \ similar phenomenon is seen in slightly gela- 
\inized solutions of colloidal gold as prepared by Szic 
mondy Both phenomena have been explained on the 
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supposition that the distances between the absorb 
particles is diminished on drying, and that conseque 
ly the pitch of the molecular resonators is alte; 


This matter has now been investigated by F. Kirch 
and R. Szigmondy, with a view to determining 
constitution of the resonators themselves. They 


plied Planck’s theory of electrical resonance, being 
abled to determine the necessary data by 
and Szigmondy's 


Siedent: 
ultra-microscopic apparatus alrea 
That apparatus enabled them to count 

number of ultra-microscopic particles in a cubic cer 
meter of the emulsion, and thus ‘from the known qu: 
tity of gold in the emulsion.to determine the mass 
one particle 


described, 


This mass came out as 7 m: 
The emulsion showed a blue coloration in 
dry. state and a high: red color in the wet state. T 
real resonators are not these particles but the smal 
gold particles which form the larger aggregates 


with a certain amou 
om gelgtiges The absorbing myer is represented by 


sum ofall aggregates contained jn4tbhe emudsion, and 
independent of theiy mutual distance. The selecti\ 
absorption cannok be accounted for by imenterence 
diffraction, since fhe particles are too small and «& 
together. Atid so@fmething else is, required 
sides simple molecular resonance. The latter cou 
only explain the of color if the molecules cou 
he individually seperated from each other, as in a ga 
under varying pressure According to Faraday, go 
particles of very @ifferent masses produee the sam 
coloration ef ® solution: The gold particles must 
assumed to.be flat leaves, and then the application « 
Planck's theory leads to a displacement Of the max 
“mum of absorption in the observed sense.—Kircehne) 
and Szigmondy; Annaten der Physik, No. 13, 1904. 
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FORESTRY IN CALIFORNIA. 


CALIFORNIA has over 28,000,000 acres, or over on: 
fitth of its total area, under: forest covers Much of th 
land is finely timbered, and, with forest managemen 
will be increasingly valuable for the wood which it can 
supply. But in California the forests have anothe: 
use, which, as is well understood in that State, is ever 
important than the production of timber 
water supply. The wonderiul agricu 
tural development which irrigation has made possib|: 
is perhaps the largest fact in California’s recent eco 
nomical history. Because of the need of water and 
the fear of floods public sentiment in favor of forest 
protection in California has always been well in ad 
vance of that in other States, as was conspicuous!s 
illustrated after President Cleveland, in 1897, proclaim 
ed the thirteen federal reserves created at the clos: 
of his administration. Everywhere else in the West 
the opposition.aroused was so strong that the proclama 
tion was soon afterward temporarily suspended; but a 
special exception was made in the case of California, 
where public opinion was from the first strongly in 
favor of the reserves 

Something less than one-third of the entire wooded 
area of the State is now embraced in the federal forest 
That the remaining 20,000,000 acres of it- 
forests may be made to serve the public interest in 
the fullest possible measure, the State has solicited 
and secured the co-operation of the Bureau of For 
estry in working out a_ proper policy for it 
Members of the Bureau have, since July, 1903, examined 
over 21,000,000 acres of forest and brush lands, and 
by the end of the year the entire State will have 
been covered. The different types of land—as timbe) 
land, chaparral, pasture and agricultural land, bar 
rens, cut-over land, and burned land—will be mapped 
and the stand of timber in each location will I» 
roughly estimated. Forest reserves may be increase: 
in number or size, if land suitable for thet 
purpose is found 

But the subject of paramount importance is the pre 
vention and control of fires. A good opportunity to: 
experiment along this line was afforded the Bureat 
by co-operation with the private owner of an 80,000 
acre tract, who had previously introduced a crude fire 
protection system. A comprehensive plan was oul 
lined and its execution begun. There has not beer 
time-for a thorough trial, but its installation has ha: 
an excellent effect. The patrolling of the tract ha 
been greatly improved, and the neighbors now volun 
tarily report all fires. whether on or off the tract 
There has not been a serious fire on that tract this 
season. This splendid showing is an impressive ol) 
ject lesson. It proves the efficiency of intelligent cars 
and of fighting fires at the start. The present fire law 
ef the State are incomplete and inadequate. One resu! 
of the work of the Bureau will be the recommendatio! 
of a fire law which, if adopted, will be the best eve: 
passed by any State. 

The most encouraging fact in forest management 
the growing determination of large timber and owne! 
to employ private foresters to handle their holding» 
This will insure a method of lumbering less waste! 
than that at present practised, and, more importan 
by far, it will be the means of better protecting th 
forests and making them yield a continuous cro] 
Such expert control will be especially valuable in soi\ 
ing the problem of the best way to get rid of the slas! 
which, until burned, is a constant menace to the fo: 
Extensive experiments in slash burning hay 
already been carried on by the Bureau with sati 
factory results 

The Bureau agents are also studying the habits an 
rate of growth of sugar and yellow pine to determin 
the practicability of lumbering so as to secure a secon 
crop. The field work on these studies is now apor 
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« nuplete. A report on what growth and returns may 
by expected from plantations of different species of 
em is nearly ready for transmittal. 

‘he study of chaparral has led to fruitful practical 
ec nclusions. It shows in California the same _ re- 
mirkable ability to encroach upon and spread over 
oj) en country that it exhibits in Texas and elsewhere 
in the semi-arid portions of the Southwest. It makes a 
si isfactory watershed cover, and almost constantly 
replaces a forest destroyed by fire. Its composition 
vi ries with aspect and elevation and with damage by 


(he natural reproduction of forest trees has been 
thoroughly investigated by the Bureau, together with 
t!« extent of the forest in the past, the effect of fire 
u, on forest reproduction, the contest between chaparral 
ud forest on burned areas, and the rate of growth of 
young forest trees. Every State which has large valu- 
alle forests or a climate which demands extensive ir- 
rization for farming purposes should, in its own inter- 
e adopt a definite and enlightened forest policy. 
Work similar to that nearing completion in California 
should be in progress in at least a dozen other States 
ot the Union right now, if vast timber resources are 
not to be further ruinously depleted and farming in 
terests are to be properly safeguarded. 


SCIENCE NOTES. 

According to information communicated to Nature 
} the Meteorological Observatory of Irkutsk, the 
earthquake which took place in Transbaikalia on Sep- 
iember 28 last covered an area of about 4,500 square 
miles, representing an imperfect oval elongated trom 
northwest to southeast, its furthest points being Troitz- 
hosavsk in the southeast and Balagansk in the north- 

est. The center of this earthquake, which was un- 
doubtedly of tectonic origin, was located in the neigh- 
horhood of the station Pereyemnaya, on the southeast 
shore of Lake Baikal. No less than three earthquakes 
have had their origin at this center during the past 
three years. 

Among the prizes awarded by the French Academy 
ol Sciences, the award of greatest interest is@undoubt- 
edly that of the largest prize, the Prix Leconte of 
50.000 franes, to René Blondlot, the discoverer of the 
N-rays. In making the award, the adjudicators express 
themselves somewhat guardedly. After enumerating 
londlot’s previous work concerning the instantaneous 
character of the Kerr effect, the construction of his 
electric resonator, and his determination of the speed 
of propagation of electric waves along wires immersed 
in various dielectrics—a determination which “fur- 
nished one ot the most accurate verifications known of 
cne otf the most important consequences of Maxwell's 
theory’—they go on to say: “Latterly, M. Blondiot 
has studied some curious actions which he attributes 
to a new radiation to which he has given the name of 
N-rays. All the properties of these new rays are not 
yet well known, and circumstances have not permitted 
all the members of the Commission to acquire on these 
questions the conviction which can only be produced 
iy personal observation. Still, without prejudging 
the significance and bearing of these new discoveries. 
the Commission has thought it well not to defer any 
longer the reward which this savant has long merited. 
They wish at the same time to affirm their confidence 
in the exverimenter, and to support him among diffi- 
culties which count among the greatest that physicists 
lave ever encountered.” Among other prizes awarded 
ure the Prix Wilde of 4,000 trancs to M. Paul Villard 
for his researches on cathode and Rontgen rays. the 
Prix Hébert of 1,000 francs to M. Georges Claude tor 
his popular work on electricity, and the Prix Kastner- 
Roursault ot 2.000 frances to Capt. Ferrié for his work 
on wireless telegraphy. In 1905 the following prizes 

lt be awarded to physicists of any nationality: Prix 
Hébert for the popularization of electricity, Prix 
fIughes of 2.500 frances and Prix la Caze of 10,000 
franes for work contributing to the progress of phys- 
ics. Claims must be sent in to the secretaries of the 

\cademy by June 30. 

Kakichi Mitsakuri states that the first western 
knowledge introduced into the Japanese empire was 
through a Dutch textbook of anatomy, which came 
into the hands of a Japanese physician about the year 
1771. After years of study this physician and three 
ot his friends published a good translation of this 
hook. It had taught them that their former teaching 
lad been wrong. On looking first at the illustrations 
in the book they dissected the body of a criminal in 
order to find out who was right, they or the teachings 
of the Dutch book. After the introduction of anatomy 
came chemistry, natural history, history, military tac- 
ties, ete. In 1868 the Imperial University was estab- 
lished. It had a four years’ course, admitting one 
hundred students to each course, In the educational 
system of Japan there are three grades, the univer- 
sity, the professional school, and all the schools below 
that grade. The boy begins going to school at six years 
o! age. In the high school one foreign language is 
studied, either English, French,eor German being gen- 
erally taken. Those who plan to become physicians 
also take German, for that is the medical language of 
Japan. All physicians in Japan speak German and 
many of them write it. The arrangement of the course 
is based on that of the German schools and at one time 
al’ of the professors were German. Now they are all 
Japanese, except two honorary members of the faculty. 
The subjects studied in the medical college are simi- 
lar to those studied in American colleges. Attached 
to the university is a hospital, having about 400 heds 
Aiter the student receives his degree at the end of 
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four years, he is allowed to practise without any fur 
ther examination. But many students spend several 
more years at home and abroad in preparation tor 
their life work A number of easier schools have been 
established in Japan where students are allowed to go 
directly from high school. The Japanese language is 
used in these schools, but a very good class of physi 
cians is turned out, The graduates of these profes 
sional schools are also allowed to practise without a 
state examination. There is a third class of students, 
who go through an irregular course of training. They 
are allowed to obtain a license by passing a state ex 
amination. The demand for physicians in Japan is 
not completely supplied, especially in the country dis 
tricets, but this deficiency will be overcome in a few 
years.—St. Louis Medical Review. 
ELECTRICAL NOTES. 

According to the Bngineer, of london, an electric 
resistance turnbace was used by Pepys in 1815 for the 
cementation of iron. He took a piece ol pure, soft 
iron and cut a silt along its length. The slit was filled 
with diamond dust, which was prevented from falling 
out by fine iron wire. The portion of the wire contain 
ing the dust was wrapped in mica. The wire, thus 
charged, was heated quickly to redness by the current 
from a battery. On opening the wire Pepys found that 
the diamond dust had disappeared, and that around 
where it had heen the wire had been converted into 
steel, 

Arrangements have now been completed between the 
british Telegraph Department and the Marconi Wire- 
less Telegraph Company for the transmission of mes- 
sages from any postal telegraph office in the British 
Isles ria the Marconi companies’ coast stations to ships 
at sea fitted with the Marconi apparatus. This agree- 
ment is the outcome ot the negotiations to formulate 
a working partnership between the two systems in 
August last. The ratification of this agreement wil 
prove of inestimable value from a commercial point 
of view, and at the same time will stimulate to a very 
appreciable degree the practical development of wire- 
less telegraphy. Information will be immediately 
forthcoming in reply to inquiries at any telegraph 
offices as to the whereabouts of any desired ship fitted 
with the Marconi apparatus, the shore stations with 
which the ship comes into communication, and the 
hours during which the ship is within range of such 
stations. ‘rhe tariff of transmission is collected by the 
Post Office authorities. The charge for these facilities 
is twelve cents per word. 

The telegraph cable which is being constructed from 
Cape Town to Cairo has now reached Udjidji, the cap- 
ital and chief town of German East Africa, which is 
on the eastern shore of Lake Tanganyika. Construc- 
tional work further northward from this point has now 
heen temporarily stopped, in order to permit the pro- 
jected line of route to be surveyed, and also in order 
to bring the sections of the line that have already 
heen erected into thoroughly working order. Commer- 
cially, however, the line is filling all expectations. 
Northward trom Udjidji the line will probably be car- 
ried along the eastern shore of the Victoria Nyanza, 
and then due north to the town of Rosares, which is 
the southernmost point of the Soudanese telegraph 
system. Here the two systems will effect a junction, 
and the Cape to Cairo telegraph will then be com- 
pieted. Put the continuation of the work from Ud- 
jidji is attended by an abnormal engineering difficulty. 
Vor approximately one hundred miles northward from 
this point the country is very swampy and totally un- 
fitted for the erection of the necessary posts to carry 
the wire. To avoid the swampy region. a very wide 
detour would have to be made, a course which would 
entail considerable expense, In view oi these cireum- 
siances, it has been decided to surmount the difficulty 
by an instailation of Marconi wireless telegraphy in 
order to bridge over the intervening swampy gap. The 
utilization of one of the latest inventions, in what a 
few years ago was unknown country, is a striking dem- 
enstration of the march of civilization and progress. 

Among the interesting papers read on the Califor- 
nian seaboard during the last few yvears, that which 
describes an 80,000-volt transmission line is of great 
interest. Mr. Balch has collected together a good deal 
of information, and some of it reads almost like the 
matter which one would imagine an engineering sup- 
plement ‘o Mr. Wells’ “Anticipations” would contain 
The president of the Pacific Light and Power Com- 
pany ordered that tests should be made of the various 
types of line insulators on the market. This was be- 
cause about 10,000 horse-power had to be transmitted 
one to five miles out in California. More power had 
to be transmitted to Los Angeles over the same line 
after the copper had been determined for a working 
voitage of 45.000 at the power house. The tests on the 
insulators continued for two months on this experi 
mental line 16 miles in length. Three wires mounted 
in triangular shape, and with a space of 40 inches be- 
tween them, were erected. All serts of weather was 
experienced; om one night 4 inches of rain fell. There 
was an average of 80.000 volts between two wires and 
the third wire. The current on the line was always 
within 5 per cent of 3 amperes. There seemed to be a 
sharp, rattling sound, which could be heard 100 yards 
from the line at any time when the current was 
switched on. A 20 per cent reduction in voltage 
stopped this noise, which was compared to the buzzing 
of bees. At night the line was luminous, but there 
was no extra intensity of brilliancy at the insulators 
The single wire was, however, brighter than the other 
iwo. In extra dry times, at night, the line was visible 
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au mile away The actual conclusions arrived at in 
consequence of this test seem to be that everything 
goes along all right while the insulators are new, and 
during the time when they have no dust which can be 
mixed with tog ‘or moisture in bad weather. Large 
insulators should be used, and in this line brown porce 
lain was adopted. To keep them efficient or in as good 
a condition as new for an indefinite length of time, 
the lineman should climb the pole once or twice a 
year (according to local conditions) and remove any 
dust which may have collected. If the insulators are 
so kept, the company say that they can feel quite sate 
in assuming that 66,000 volts will cause them no 


trouble, 


ENGINEERING NOTES 

A double-acting gas engine of 250 horse-power, work 
ing on the Otto cycte and operated in connection with 
a Deutz gas producer, is credited in a recent issue of 
Aclairage Electrique with a performance on test ol 
0.744 pound of coal per brake-horse-power hour. Coal 
of a calorific value of 14,600 B. T. UCU. per pound and 
containing 3.1 per cent of ashes and 17.1) per cent 
volatile matter was used. The water consumption ol 
the plant, the mean engine load being 222.5 B.HLP., 
was as follows: Consumed in the producer, 140 pounds 
per hour; in the serubbers, 3,180 pounds per hour; 
cooling water in the cylinder, 46.7 pounds per brake 
horse-power hour; cooling water in the piston, 17.6 
pounds per brake-horse-power hour. The temperature 
of the gas leaving the scrubbers was 338 dee. Kahr 
and the calorific value of the gas ranged from 2.280 to 
2.444 B-T.U. per pound. The engine had a 21.2x 27.6 
inch cylinder and operated at 150 R.P.M 

The three Diesel engines at the Tyrolean Alps at! 


the Louisiana Purchase Exposition were each ol f 
horse-power, and ran at about two-thirds of their rated 
capacity. Daily records were kept of the fuel used and 
the work done, The work was measured at the switch 
hoard, no allowance being made for loss of energy in 
the engine, air pump, and generator. Indiana oil was 
used for fuel and cost 3 cents a gallon in car-tank lots 
According to Prof. C. M. Woodward, the records worked 
out to 2.15 mills per horse-power hour for fuel 


The second turbine-propelled liner, “Virginian,” for 
ihe transatlantic service was recently launched trom 
the shipyard of Messrs. Alexander Stephen & Son, [int 
hotse, Glasgow. This vessel is being constructed for 
the Allan Line, for which the “Victorian” is being com 
pleted at Belfast, and it is in reality a sister ship. 
Furthermore, this boat is the largest that has yer heen 
launched on the River Clyde. The “Virginian” is a 
vessel of 11,200 tons. It measures 540 feet in length 
over all by 60 feet beam and 41 feet depth, and has 
been constructed to the requirements of both the Eng 
lish and American laws governing the passenger requi 
sitions of vessels. There is accommodation for 1,650 
passengers, comprising 470 first-class, 240 second-class, 
and 940 third-class. There are five decks provided for 
the convenience of the passengers, and the accommo 
dation is carried out upon the modern luxurious and 
comfortable lines. Ample space fore and aft is also 
provided for the transit of freight and mails. The 
boat is divided into eleven holds by bulkheads, and 
with the subdivision of her water-tight bottom she 
has twenty water-tight compartments. In order to 
withstand the severe buffeting of the stormy weathe1 
of the Atlantic when traveling at a high speed, the hull 
has been specially strengthened above. Steam heat 
is provided throughout the passengers’ quarters, and 
is so arranged that each stateroom can be warmed (o 
the temperature desired by the occupant. In the emi 
grants’ quarters there is a thermo-siphon tank installa 
tion for the dual purposes of heating and ventilation 
The turbine machinery is being constructed by the 
Parsons Marine Turbine Company, and the arrange 
ment of the turbines to be adopted is identical with 
that followed with such conspicuous success in the 
turbine vessels at present plying across the Enelish 
Channel. Steam is raised in nine single-ended boilers 
working under forced draft. The power will be trans 
mitted through chree lines of shafting, each of which 
is fitted with propellers, which appear to be of small 
dimensions in comparison with the screws supplied to 
the existing types of twin-screw Atlantic liners. Their 
number of revolutions per minute in comparison, how 
ever, will be exceptionally high, ranging from 270 to 
300 per minute at the full speed of 17 knots. The 
central shaft and propellers will be driven by the high 
pressure turbine, and the others, placed on either side 
by the low-pressure turbines. Moreover, the two latter 
are each fitted with a reversing arrangement, enabling 
the vessel to be driven astern by either, separately or 
both simultaneously, so that the same facility ot 
maneuvering which is possible with the ordinary twin 
screw liner will be available. It has been stated that 
the Parsons Company have devised a special reversing 
arrangement for these two liners, but we are enabled 
to state that such is not the case, and the method js 
precisely the same as that which has Leen adopted in 
the existing turbine vessels to accomplish this work 
The astern turbines are placed in the exhaust casing 
of each low-pressure turbine, and when maneuvering 
steam is admitted into either the forward or astern 
low-pressure turbine, according to whichever direction 
of traveling is required, independently of each other, 
and also of the high-pressure turbine. The problem 
of stopping and reversing for maneuvering purposes 
on a high-speed ocean liner is one of paramount im 
portance, and the inventor, from the results of his pro- 
longed investigations of the subject. is convinced that 
it will be solved in these two vessels. The manasing 


rbi 
ue 
‘hy 
y 
2 
ii 
ea 
| 
pun 
me — = 
T 
al 
Ou 
Ol 
Ol 
Pali 
an 
Dit 
th 
Cn 
can 
hei 
Ven 
cul 
ind 
‘est 
ad 
sty 
Osi 
est 
na 
{2 
m 
lea 
est 
its 
in 
ol 
it 
ne 
ve 
el 
ur 
or 
At 
il 
A 
n 
is 
| 
a 


24848 


lirector of the Allan Line states that no circumstane 
has arisen during the construction of the boats to dis 
turb their confidence in the step they are taking by 
installing the turbines in these vessels. The prelimin 
ary trials of the first vessel, the “Victorian,” are being 
anticipated with keen interest by all those concerned 
in marine engineering, and he has publicly refuted the 
statement that has been circulated by the newspaper 
that they had abandoned the system, as it had 
proved unsatisfactory, and the machinery had not 
come up to the horse-power required according to the 
contract, \s a matter of fact, the company have so 
far had no testing the turbines, as 
they are not vet constructed. The “Victorian,” how 
approaching completion, and will be 
spring season commences. 


press 


opportunity of 


ever, is rapidly 
ready for service directly the 


TRADE NOTES AND RECIPES 

Closure of Tin Cans.—As a cement for preserve cans 
which can be opened merely by a strong pressure on 
one spot on the lid, an intimate mixture of ordinary 
India rubber and 6 to 12 per cent of finely-ground sul- 
phur has been recommended During the heating 
necessary for preserving the substances contained in 
the cans, rubber and sulphur combine into a mass 
commonly known as vulcanized rubber, which is said 
io afford a sufficiently safe and secure closure of the 
tins.—Erfindungen und Erfahrungen 
Slate-Parchment.— Soak paper 
(boiled oil) and apply the 


Production of good 
with linseed oil varnish 
mass mentioned below, several times in succession, 
whereupon after complete drying and hardening, the 
plates can be written upon with lead or slate pencils 
Mass opal varnish | part (by weight), turpentine oil 
2 parts, finest sprinkling sand | part, powdered glass 
slate as is used for slates parts, and 
intimately mixed together and re 


Ertahrungen und Erfin- 


1 part, ground 
lamp black 1 part 
peatedly ground very fine 
dungen 

A New Adhesive An adhesive composed of caseine 
and tannate of lime has lately come into use in France 
It is prepared in the following manner \ solution 
of tannin, prepared from a bark or from commercial 
tannin, is precipitated with milk of lime, the lime 
being added until the solution just turns red litmus 
paper blue. The supernatant liquid is then decanted, 
and the precipitate is dried without artificial heat 
The resulting caleium tannate is then mixed, accord 
ing to the purpose for which the adhesive is intended 
with from one to ten times its weight of dry caseine 
by grinding in a mill The adhesive compound is 
soluble in water, petroleum, oils, and carbon bisulphide 
It is very strong, and is applied in the form of a paste 
with water.—Farben Zeitung 

Production and Application of Mosaic Silver.—Same 
consists of tin 3 parts by weight, bismuth 3 parts, and 
mereury !'. parts. The alloy of these metals is pow- 
dered finely, thus forming a silvery mass used for imi 
tation silvering of metals, paper, wood, et¢ In order 
to impart to metals, especially articles of copper and 
brass, an appearance similar to silver, they are made 
bright; the powder of the mosaic silver is 
six times the volume of bone ashes, adding 
cause a paste and rubbing the same 


pertectly 
mixed with 
enough water to 
on the metallic surface by means of a cork of suitable 
shape. In order to silver paper by means of this prep 
aration it is ground with white of egg. diluted muci- 
lage or varnish, and treated like a paint Metallar 
heiter 

Zimalium is the name of a new alloy of aluminium, 
magnesium, and zine, The specific weight is 2.65 to 
2.75; in 
is harder and more suitable to be worked \ softer 
variety rolling, stamping, ete.; a harder 
one for casting. The tensile strength is double that of 
aluminium, 25 to 35 kilos per millimeter: the wires 
bear 30 to 37 kilos; the ductility rises up to 10 per cent 
Wires and sheet metal behave like brass. The castings 
ean be filed, planed, etc., possess a tensile 
strength of 14 to 20 kilos, upon rapid cooling 20 to 25 
kilos. Zimalium is less resistive to chemical actions 
than aluminium, The electric conductivity amounts to 
two-thirds of that of the latter. The alloy is 10 to 
12 per cent dearer than aluminium.—Chemiker Zei- 
tung 


‘asting. 2.68 as against 2.64 for aluminium. It 


serves tor 


forged, cut, 


Washable Drawing Paper.—Any kind of paper is 
lightly primed with glue or another suitable binder, to 
which a finely-powdered inorganic body such as zine 
white, chalk, lime or heavy spar, as well as the desired 
coloring matter for the paper, are added. Next the 
paper thus treated is coated with soluble glass—sili- 
eate of potash or of soda—to which smal! amounts of 
magnesia have been admixed, or else it is dipped into 
this mixture, and dried for about ten days in a tem- 
perature of 25 deg. C. (77 deg. F.) ’aper thus pre- 
pared can be written or drawn upon with lead pencil, 
chalk, colored crayons, India ink, and litho- 
graphic crayon, and the writing or drawing may be 
washed off twenty or more times, entirely or partly. 
without the paper changing materially Hence paper 
ndicated presents the advantage of great 
economy in schools, especially schools of designing 
In making designs and sketching plans, ete., it offers 
the convenience that anything wrong may be readily 
and quick!y removed with a moist sponge and imme- 
diately since the washed places can be 
worked on again at once This paper is preferable to 
aching writing and drawing, 
and is commendable for that purpose, if only for the 
reason that it can be given any color not tiring the 
eye —Erfindungen und Erfahrungen 
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